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ABSTRACT 

M a r k - r e c a p t u r e  s t u d i e s  o f  Taku R i v e r  salmon (Oncorhynchus) s t o c k s  were conducted 
by t h e  A l a s k a  Department o f  F i s h  and Game and t h e  Canadian Department of  
F i s h e r i e s  and Oceans i n  1989. The o b j e c t i v e s  o f  t h e  program were t o  p r o v i d e  
i n - s e a s o n  e s t i m a t e s  o f  t h e  i n r i v e r  abundance o f  sockeye (0. n e r k a )  and coho 
salmon (0 .  k i s u t c h )  and postseason e s t i m a t e s  o f  t h e  i n r i v e r  abundance o f  p i n k  (0. 
gorbuscha)  and chum salmon (0. k e t a ) ,  and t o  document t h e  m i g r a t o r y  t i m i n g  and 
m i g r a t i o n  r a t e s  o f  s p e c i f i c  Taku R i v e r  sockeye salmon s t o c k s .  Marked t o  unmarked 
r a t i o s  o f  salmon h a r v e s t e d  i n  Canadian i n r i v e r  commercia l  and t e s t  g i l l  n e t  
f i s h e r i e s  were used t o  deve lop  t h e  e s t i m a t e s  o f  t h e  i n r i v e r  abundance o f  sockeye 
and coho salmon. A  t o t a l  of  5,650 sockeye salmon were c a p t u r e d  i n  f i s h  wheels 
l o c a t e d  a t  Canyon I s l a n d ,  A laska,  o f  wh ich  4,997 were tagged  and 1,400 were 
subsequen t l y  r e c o v e r e d  i n  f i s h e r i e s  o r  on t h e  spawning grounds.  An e s t i m a t e d  
99,467 t 9,536 (95% c o n f i d e n c e  i n t e r v a l )  sockeye salmon m i g r a t e d  u p r i v e r  p a s t  
Canyon I s l a n d  f r o m  18 June t o  25 September. F i s h  wheel c a t c h  p e r  u n i t  e f f o r t  was 
used t o  e s t i m a t e  t h e  p o r t i o n  o f  t h e  r e t u r n  p r i o r  t o  18 June. The t o t a l  i n r i v e r  
r e t u r n  o f  sockeye salmon p a s t  Canyon I s l a n d  was e s t i m a t e d  t o  be 114,068 f i s h .  
Canadian commerc ia l ,  t e s t ,  and f o o d  f i s h e r i e s  h a r v e s t e d  18,805 sockeye salmon, 
t h e r e b y  r e d u c i n g  t h e  e s t i m a t e  o f  escapement t o  95,263. The use o f  d i f f e r e n t  
c a p t u r e  methods t h a t  v a r i e d  i n  s i z e - s e l e c t i v i t y  f o r  mark ing  and r e c a p t u r e  g e a r  
was shown t o  have l i t t l e  e f f e c t  on t h e  e s t i m a t e  o f  sockeye salmon r u n  s i z e .  A 
t o t a l  o f  2,243 coho salmon were caught  i n  t h e  f i s h  wheels,  2,125 were tagged,  and 
297 were subsequen t l y  r e c o v e r e d  i n  f i s h e r i e s  o r  on t h e  spawning grounds.  Tagg ing 
t e r m i n a t e d  p r i o r  t o  t h e  end o f  t h e  r u n ;  however, we e s t i m a t e d  t h a t  60,841 t 
21,901 f i s h  had passed Canyon I s l a n d  by  1 October .  The coho salmon escapement 
p a s t  t h e  f i s h e r i e s  was 56,808. The f i s h  wheel c a t c h  o f  p i n k  salmon was 31,189 
f i s h ,  o f  wh ich  3,760 were tagged,  and 268 l a t e r  recove red .  An e s t i m a t e d  340,000- 
500,000 p i n k  salmon m i g r a t e d  above Canyon I s l a n d .  Tagg ing and r e c o v e r y  e f f o r t s  
f o r  chum salmon were t o o  l o w  t o  genera te  an e s t i m a t e  o f  t h e  i n r i v e r  r u n  s i z e  f o r  
t h i s  s p e c i e s .  The mean da tes  o f  m i g r a t i o n  o f  sockeye and p i n k  salmon were 
s l i g h t l y  e a r l i e r  t h a n  d u r i n g  1984-1988. M i g r a t i o n  r a t e s  o f  L i t t l e  T rapper  and 
L i t t l e  Tatsamenie Lake sockeye salmon s t o c k s  i n c r e a s e d  t h r o u g h  t h e  season. The 
age c o m p o s i t i o n s  o f  sockeye, coho, and chum salmon f i s h  wheel c a t c h e s  changed 
s i g n i f i c a n t l y  t h r o u g h  t h e  season, b u t  t h e  age c o m p o s i t i o n  o f  c h i n o o k  salmon 
c a t c h e s  d i d  n o t .  
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INTRODUCTION 

The Taku R i v e r  o r i g i n a t e s  i n  n o r t h e r n  B r i t i s h  Columbia and f l o w s  t h r o u g h  
Sou theas t  A1 aska, empty ing i n t o  t h e  P a c i f i c  Ocean n e a r  Juneau, A l a s k a  ( F i g u r e  1 ) .  
A l l  f i v e  s p e c i e s  o f  P a c i f i c  salmon (Oncorhynchus) r e t u r n  t o  spawn i n  t h e  d r a i n a g e  
and a r e  p r i m a r i l y  e x p l o i t e d  by  Canadian i n r i v e r  and A laskan  D i s t r i c t  111 
commercia l  g i  11 n e t  f i  s h e r i e s  and A1 askan commerci a1 t r o l l  f i s h e r i e s .  Re1 a t i v e l y  
sma l l  numbers o f  f i s h  o f  Taku R i v e r  o r i g i n  a r e  h a r v e s t e d  by  Canadian and A laskan 
s p o r t  f i s h e r i e s  and i n r i v e r  Canadian I n d i a n  f o o d  and A laskan  p e r s o n a l  use 
f i s h e r i e s .  

Research on Taku R i v e r  salmon has i n t e n s i f i e d  i n  t h i s  decade as a  r e s u l t  o f  
t r e a t y  n e g o t i a t i o n s  between t h e  U n i t e d  S t a t e s  and Canada r e g a r d i n g  salmon 
i n t e r c e p t i o n s .  T r e a t y  n e g o t i a t i o n s  r e v e a l e d  t h e  l a c k  o f  b a s i c  knowledge o f  t h e  
p o p u l a t i o n  dynamics o f  t ransboundary  r i v e r  s t o c k s  and o f  t h e  c o n t r i b u t i o n s  o f  
t h e s e  s t o c k s  t o  A laskan and Canadian f i s h e r i e s .  The P a c i f i c  Salmon T r e a t y  was 
d r a f t e d  and r a t i f i e d  by t h e  two c o u n t r i e s  i n  1985; i t  mandated t h a t  s p e c i f i c  
p r o p o r t i o n s  o f  any s u r p l u s  r e t u r n  o f  sockeye salmon (0. n e r k a )  n o t  needed t o  
s a t i s f y  escapement r e q u i r e m e n t s  f o r  t h e  Taku R i v e r  be a l l o c a t e d  t o  each c o u n t r y ' s  
f i she rmen .  T h i s  agreement n e c e s s i t a t e d  t h e  development o f  s t o c k  assessment 
programs t o  m o n i t o r  t h e  Taku R i v e r  sockeye salmon r u n  s i z e  and h a r v e s t  s h a r i n g  
p r o p o r t i o n s  on an i n-season b a s i s .  

Research programs des igned  t o  p r o v i d e  d a t a  necessary  t o  manage f i s h e r i e s  i n  
accordance w i t h  t r e a t y  d i r e c t i v e s  were i n i t i a t e d  on t h e  Taku R i v e r  i n  1983. The 
A laska  Department of  F i s h  and Game (ADF&G) i n i t i a t e d  a  s c a l e  p a t t e r n  a n a l y s i s  
program i n  1983 t o  e s t i m a t e  t h e  c o n t r i b u t i o n  o f  Taku R i v e r  sockeye salmon s t o c k s  
t o  t h e  D i s t r i c t  111 f i s h e r y  (McGregor and W a l l s  1987).  M a r k - r e c a p t u r e  s t u d i e s  on 
t h e  Taku R i v e r ,  j o i n t l y  o p e r a t e d  by  t h e  ADF&G and t h e  Canadian Department o f  
F i s h e r i e s  and Oceans (DFO), have been conducted a n n u a l l y  s i n c e  1984 t o  produce 
e s t i m a t e s  o f  t h e  Taku R i v e r  escapements o f  sockeye, p i n k  (0. gorbuscha)  , coho (0 .  
k i s u t c h )  and chum salmon (0.  k e t a ;  C l a r k  e t  a l .  1986; McGregor and C l a r k  1987, 
1988, 1989) .  The s t u d i e s  were expanded i n  1988 t o  d e t e r m i n e  t h e  f e a s i b i l i t y  o f  
d e v e l o p i n g  m a r k - r e c a p t u r e  e s t i m a t e s  o f  t h e  Taku R i v e r  c h i  nook salmon escapement. 
I n  1989 t h e  N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e  (NMFS), Auke Bay L a b o r a t o r y ,  
under took  a  l a r g e - s c a l e  companion r a d i o  t e l e m e t r y  s t u d y  o f  Taku R i v e r  c h i n o o k  
salmon. T h i s  r e p o r t  p r e s e n t s  r e s u l t s  f r o m  Taku R i v e r  m a r k - r e c a p t u r e  s t u d i e s  
conducted i n  1989, w i t h  t h e  e x c e p t i o n  o f  c h i n o o k  salmon s t u d i e s .  



The s p e c i f i c  o b j e c t i v e s  o f  t h e  mark- recap ture  program were t o :  

1 )  p rov ide  i n - s e a s o n  e s t i m a t e s  o f  t h e  abundance o f  a d u l t  Taku River  
sockeye and coho salmon m i g r a t i n g  p a s t  Canyon I s l a n d ,  Alaska,  

2)  e s t i m a t e  t h e  abundance o f  a d u l t  Taku River  p ink and chum salmon 
m i g r a t i n g  p a s t  Canyon Is1  and,  

3) document t h e  migra to ry  t iming  and i n r i v e r  m i g r a t i o n  r a t e s  o f  s p e c i f i c  
Taku River  sockeye salmon s t o c k s ,  and 

4) e s t i m a t e  t h e  age and s e x  composi t ions  o f  t h e  i n r i v e r  r e t u r n s  of a d u l t  
ch inook ,  sockeye,  coho, and chum salmon p a s t  Canyon I s l a n d .  

METHODS 

Study Area D e s c r i p t i o n  

The Taku River  o r i g i n a t e s  in  t h e  S t i  k ine  P l a t e a u  o f  nor thwes te rn  B r i t i s h  Columbia 
and d r a i n s  an a r e a  of approximately  16,000 square  k i l o m e t e r s  ( F i g u r e  1 ) .  The Taku 
i s  formed by t h e  merging o f  two p r i n c i p a l  t r i b u t a r i e s ,  t h e  I n k l i n  and Nakina 
R i v e r s ,  approximately  50 km upstream from t h e  i n t e r n a t i o n a l  b o r d e r .  The r i v e r  
f lows southwest  from t h i s  p o i n t  though t h e  Coast  Mountain Range and empt ies  i n t o  
Taku I n l e t  about  30 km e a s t  o f  Juneau,  Alaska.  Approximately 95% o f  t h e  Taku 
River  watershed 1 i e s  w i t h i n  Canada. 

The Taku River  i s  a t u r b i d  r i v e r ,  much of  i t s  d i s c h a r g e  o r i g i n a t i n g  i n  g l a c i a l  
f i e l d s  on t h e  e a s t e r n  s l o p e s  o f  t h e  Coast  Range Mountains. Th i s  t u r b i d i t y  
p r e c l u d e s  complete  enumeration of most salmon escapements by a e r i a l  o r  f o o t  
s u r v e y s .  Water d i s c h a r g e  in  t h e  summer g e n e r a l l y  i n c r e a s e s  i n  p r o p o r t i o n  t o  t h e  
amount o f  sunsh ine  rece ived  i n  t h e  i n t e r i o r  (ADF&G 1955) .  Winter f lows  a r e  
minimal,  r ang ing  from approximately  30-130 m3/s a t  t h e  U.S. Geological  Survey ' s  
wa te r  gauging s t a t i o n  l o c a t e d  on t h e  lower Taku River n e a r  Canyon I s l a n d  
(U.S.G.S. unpubl ished d a t a ) .  Discharge i n c r e a s e s  i n  Apri l  and May and r e a c h e s  
a maximum average  flow of  900-1,200 m3/s d u r i n g  June .  Flow u s u a l l y  remains  high 
i n  J u l y  and d r o p s  i n  l a t e  August. The e f f i c i e n c y  o f  f i s h  wheels used t o  c a p t u r e  
f i s h  f o r  t a g g i n g  and t h e  e f f e c t i v e n e s s  o f  t h e  Canadian commercial f i s h e r y  a r e  
a f f e c t e d  by t h e  magnitude o f  r i v e r  d i s c h a r g e .  Sudden i n c r e a s e s  i n  d i s c h a r g e  i n  



the  lower r i v e r  r e s u l t  from the  re lease  of the  g l a c i a l l y  impounded waters of 
Tul sequah Lake (Kerr 1948; Marcus 1960). These f loods usually occur once o r  twice 
a  year  between May and August. Since 1987 the  maximum flow measured during the  
f loods has been 2,150 m3/s. During the  f loods ,  water l e v e l s  f l u c t u a t e  
dramat ica l ly ,  and the  r i v e r  c a r r i e s  a tremendous load of debr i s .  

Fish Whee7 Operation 

Migrating adul t  salmon were captured with two f i s h  wheels a t  Canyon Island,  
located approximately 4  km downstream from the  in ternat ional  border (Figure 1 ) .  
Each f i s h  wheel consisted of a  pontoon framework supporting an ax le ,  paddles, and 
basket assemblies. Two f ish-ca tching baskets were ro ta ted  about the  axle  by the  
force  of the  water current  agains t  two paddles. The paddles were at tached t o  
paddle uprights  s e t  a t  r i g h t  angles t o  the  baskets.  Crossbracing connected the  
baskets and paddle upr ights .  As the  f i s h  wheel baskets r o t a t e d ,  they scooped up  
salmon. V-shaped s l i d e s  attached t o  the  r i b  s t r u c t u r e  of each basket d i rec ted  
f i s h  t o  liveboxes bolted t o  the  outer  s ides  of the  pontoons. 

Each f i s h  wheel was constructed of milled lumber and was supported by two 7-8 m 
long pontoons. Six t o  ten 200-L (55 gal lon)  s t e e l  b a r r e l s ,  most of which were 
f i l l e d  with polyurethane foam, were strapped beneath each pontoon f o r  f l o t a t i o n .  
The baskets measured 3.1 m by 3.7 m, were covered with nylon se ine  mesh (5.1 x 
5.1 cm openings) ,  and f ished t o  a  depth of approximately 3.45 m .  

The f i s h  wheels were positioned in the  v i c i n i t y  of Canyon Island on opposite 
r i v e r  banks, approximately 200 m apar t  and have been operated in ident ica l  
loca t ions  s ince  1984. They were secured in pos i t ion  by anchoring t o  1  arge t r e e s  
with 0.95 cm s t e e l  cable and were held out from and para1 l e l  t o  the  shore1 ine by 
1  og booms. 

The f i s h  wheels ro ta ted  a t  0-4 r.p.m., depending on the  water ve loc i ty  and the  
number of at tached paddl es  . When water 1  eve1 s  subsided, we at tached more paddles 
and moved the  f i s h  wheels f a r t h e r  o u t  from shore in to  f a s t e r  water cu r ren t s  t o  
maintain a  speed of basket ro ta t ion  adequate t o  catch f i s h .  

Fish wheels were operated on the  Taku River from 5 May through 1 October. A s e t  
g i l l  net  was used from 1-4 May t o  capture chinook salmon f o r  tagging p r i o r  t o  
deploying the  f i s h  wheels. One f i s h  wheel was i n s t a l l e d  on 5  May and f ished 
un t i l  8  May, when l a rge  debr is  destroyed the  baskets.  This wheel was repaired 



and resumed o p e r a t i  on again  on 11 May. The second wheel began f i s h i n g  on 15 May. 
The wheels were n o t  o p e r a t e d  from 15-17 August d u r i n g  high w a t e r  caused by t h e  
r e l e a s e  o f  Tulsequah Lake; wa te r  l e v e l s  i n c r e a s e d  7  f e e t  i n  a  48-h p e r i o d  and t h e  
r i v e r  was f u l l  o f  d e b r i s ,  i n c l u d i n g  uprooted t r e e s  up t o  30 m i n  l e n g t h .  Water 
f lows d e c l i n e d  t o  l e v e l s  below t h a t  r e q u i r e d  t o  s p i n  t h e  f i s h  wheels  from 17-21 
September,  but  i n c r e a s e d  t h e r e a f t e r ,  a l lowing  one wheel t o  be f i s h e d  aga in  
through 1 October .  A s e t  g i l l  n e t  was used from 19-21 September t o  c a p t u r e  f i s h  
f o r  t a g g i n g  but was d i s c o n t i n u e d  when a  f i s h  wheel became o p e r a t i o n a l  a g a i n .  

Tagging Procedures 

All u n i n j u r e d  sockeye,  coho, and chum salmon caught  i n  t h e  f i s h  wheels and g i l l  
n e t s  were tagged wi th  t h e  excep t ion  o f  i n d i v i d u a l s  l e s s  than  350 mm i n  l e n g t h  
(mid-eye t o  f o r k  o f  t a i l  ; MEF). Sockeye, coho, and chum salmon l e s s  t h a n  350 mm 
i n  l e n g t h  were n o t  tagged because f i s h  i n  t h i s  s i z e  range  a r e  v i r t u a l l y  
u n s u s c e p t i b l e  t o  c a p t u r e  in  t h e  u p r i v e r  g i l l  n e t  f i s h e r y  from which t agged  t o  
untagged r a t i o s  a r e  used t o  develop popula t ion  e s t i m a t e s  f o r  t h e s e  s p e c i e s .  So 
many p ink  salmon were caught  t h a t  c a t c h e s  were subsampled f o r  t a g g i n g  th roughout  
t h e  season .  Approximately one o u t  o f  f i v e  pink salmon caught  through 14 J u l y  was 
t agged ,  w h i l e  about  one o u t  o f  t e n  was tagged a f t e r  t h i s  d a t e  because high 
c a t c h e s  made i t  i m p r a c t i c a l  t o  t a g  a t  t h e  p rev ious  r a t e .  Chinook salmon l e s s  
than  440 mm MEF were no t  tagged due t o  t h e  d i f f i c u l t y  i n  r e c o v e r i n g  i n d i v i d u a l s  
i n  t h i s  s i z e  range on t h e  spawning grounds,  and because v i r t u a l l y  a l l  t h e s e  f i s h  
a r e  one-ocean ' j a c k '  males ( K i s s n e r  1982) t h a t  a r e  r a r e l y  t aken  i n  U.S. marine 
o r  Canadian i n r i v e r  f i s h e r i e s .  

Salmon were d i p n e t t e d  from t h e  f i s h  wheel 1  iveboxes  i n t o  a  t a g g i n g  t rough  
p a r t i a l l y  f i l l e d  wi th  r i v e r  wa te r .  S p a g h e t t i  t a g s  (F loy  Tag and Manufactur ing 
I n c . ,  S e a t t l e ,  W A ) '  were a p p l i e d  t o  f i s h  a s  f o l l o w s :  one person he ld  t h e  f i s h  
i n  t h e  t a g g i n g  t rough  whi le  a  second person i n s e r t e d  a  15 cm a p p l i c a t o r  need le  
and a t t a c h e d  s p a g h e t t i  t a g  through t h e  d o r s a l  muscu la tu re  immediately below t h e  
d o r s a l  f i n .  The ends of t h e  s p a g h e t t i  t a g  were then  kno t ted  t o g e t h e r  wi th  a  
s i n g l e  overhand h i t c h .  Fish were handled wi th  ba re  hands t o  reduce s c a l e  
a b r a s i o n .  B io log ica l  sampl ing was a1 so  conducted d u r i n g  appl i c a t i o n  o f  t h e  
s p a g h e t t i  t a g s .  Sex and MEF l e n g t h  measurements were recorded ,  and s c a l e  samples 
t aken  from a l l  chinook,  sockeye,  coho, and chum salmon c a u g h t .  Sex and l e n g t h  
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data  were col lec ted  da i ly  from a subsample of 25 pink salmon, but sca les  were not 
taken from t h i s  species .  The tagging and sampling procedures took from 20 t o  40 
s  per f i s h  t o  complete. The f i s h  were then immediately and gent ly  immersed back 
in to  the  r i v e r .  

A t o t a l  of 429 chinook salmon captured in the  f i s h  wheels were tagged with radio  
t r ansmi t t e r s  by the  National Marine Fisher ies  Service ( J .  E i l e r ,  NMFS, Auke Bay, 
A1 aska, personal communication). A spaghett i  tag was a l so  af f ixed t o  these  f i s h .  
Radio tagged f i s h  were transported in tubs of water from the  f i s h  wheel s i t e  t o  
s lack  water slough areas adjacent t o  Canyon Island f o r  r e l ease .  Movements of 
these  f i s h  in the  r i v e r  were tracked by NMFS primari ly t o  determine the  
d i s t r i b u t i o n  of chinook salmon in the  drainage. 

Fish wheel catches were sampled in the  morning, af ternoon,  and evening. More 
frequent  checks were made during the  peak migration t o  minimize holding time and 
overcrowding of f i s h  in the  liveboxes. 

The spaghett i  tags  we used were made of hollow PVC tubing (approximately 2.0 mm 
in diameter and 30 cm in 1 ength) and were consecutively numbered and 1 abeled with 
projec t  descr ip t ion  information. Fluorescent orange tags  were used t o  tag a l l  
species except chinook salmon. Chinook salmon were tagged with gray t ags  because, 
unlike sockeye and coho salmon f o r  which abundance es t imates  were derived from 
tagged t o  untagged r a t i o s  in the  Canadian f i s h e r i e s  occurring in the  highly 
g lac ia l  lower Taku River, est imates of chinook salmon abundance were t o  be 
generated from examining f  i  sh f o r  tags  in cl ear-water  spawning a reas .  
Fluorescent orange tags  are  highly v i s i b l e  in c l e a r  water,  and we be1 ieved t h a t  
by using l e s s  v i s i b l e  gray tags  the  potent ia l  problem of s e l e c t i v e  predation on 
tagged f i s h  on the  spawning grounds by bears ,  r ap to r s ,  and o ther  predators  would 
be minimized. 

Tag Recovery 

Tags were recovered from f i s h  harvested in i n r i v e r  commercial, t e s t ,  and food 
f i s h e r i e s .  The f i s h e r i e s  occurred in Canadian port ions of the  Taku River within 
20 km of the  in ternat ional  border. The commercial f i she ry  operated from 1-4 d 
per week from l a t e  June through l a t e  August. D r i f t  and s e t  g i l l  ne ts  were the  
principal  gear types used, although one fishermen operated a f i s h  wheel t o  
capture f i s h .  One fisherman was contracted by DFO t o  conduct the  t e s t  f i she ry  
by making 5 t o  10 standardized d r i f t s  each morning and evening t h a t  the  



commercia l  f i s h e r y  was n o t  open. The t e s t  f i s h e r y  o p e r a t e d  f r o m  19 June u n t i l  
5 October ,  a p p r o x i m a t e l y  6 weeks a f t e r  t h e  commercial f i s h e r y  had been c l o s e d  f o r  
t h e  season. A  cash reward  o f  $2.00 was o f f e r e d  b y  DFO f o r  each t a g  r e t u r n e d  w i t h  
i n f o r m a t i o n  on t h e  d a t e  and l o c a t i o n  o f  r e c a p t u r e .  Tags were c o l l e c t e d  on a  
r e g u l a r  b a s i s  by  t h e  DFO F i s h e r i e s  Guard ian who a l s o  m o n i t o r e d  and c o m p i l e d  d a i l y  
c a t c h  s t a t i s t i c s .  Smal l  numbers o f  t a g s  were a1 so r e c o v e r e d  i n  t h e  U.S. i n r i v e r  
p e r s o n a l  use f i s h e r y  and t h e  D i s t r i c t  111 g i l l  n e t  f i s h e r y .  ADF&G o f f e r e d  a  
$2.00 reward  f o r  each t a g  r e t u r n e d ,  and conducted a  l o t t e r y  a f t e r  t h e  season t o  
award a  $100.00 bonus t o  one o f  t h e  U.S. f i she rmen  t h a t  r e t u r n e d  t a g s .  

Canadian commercia l  f i s h e r y  ca tches  o f  sockeye salmon were sampled b y  DFO and 
ADF&G personne l  f o r  sex, p o s t - o r b i t  t o  h y p u r a l  (POH) l e n g t h  measurements, and 
s c a l e  d a t a .  P a i r e d  MEF and POH l e n g t h  measurements were t a k e n  f r o m  c o m m e r c i a l l y  
caugh t  salmon and were used t o  d e v e l o p  l i n e a r  r e g r e s s i o n s  f o r  c o n v e r t i n g  
measurements f r o m  one t y p e  t o  ano the r .  

Tag r e c o v e r i e s  were a l s o  made by  DFO personne l  a t  ups t ream m i g r a n t  w e i r s  a t  t h e  
o u t l e t s  t o  L i t t l e  T rapper  and L i t t l e  Tatsamenie Lakes. Tags were g a t h e r e d  a t  
c a r c a s s - c o l l e c t i n g  w e i r s  by DFO on t h e  Nak ina R i v e r  and by  ADF&G on t h e  r i v e r s  
d r a i n i n g  L i t t l e  Tatsamenie Lake ( T a t s a t u a  Creek) and L i t t l e  T rapper  Lake (Kowatua 
R i v e r ) .  A d d i t i o n a l  t a g  r e c o v e r i e s  were made a t  spawning l o c a t i o n s  i n  t h e  upper  
N a h l i n  R i v e r ,  K u t h a i  Lake, and a l o n g  t h e  mainstem o f  t h e  Taku R i v e r  by  ADF&G, 
DFO, and NMFS. 

Tagg ing and t a g  r e c o v e r y  d a t a  were o r g a n i z e d  b y  ADF&G s t a t i s t i c a l  week f o r  
a n a l y s i s .  S t a t i s t i c a l  weeks b e g i n  a t  00:Ol AM Sunday and end t h e  f o l l o w i n g  
Sa tu rday  a t  m i d n i g h t ,  w i t h  weeks b e i n g  numbered s e q u e n t i a l l y  b e g i n n i n g  w i t h  t h e  
week encompassing t h e  f i r s t  Sunday i n  January .  I n c l u s i v e  d a t e s  f o r  1989 
s t a t i s t i c a l  weeks a r e  shown i n  Appendix A . l .  

Statistical Methods 

We used a  s t r a t i f i e d  p o p u l a t i o n  e s t i m a t i o n  t e c h n i q u e  (Chapman and Junge 1956; 
Dar roch  1961) t o  deve lop  abundance e s t i m a t e s  and a s s o c i a t e d  v a r i a n c e s  f o r  sockeye 
and coho salmon. We used t h i s  s t r a t i f i e d  method because i t  a l l o w s  t h e  
p r o b a b i l i t i e s  o f  c a p t u r e  i n  t a g g i n g  and r e c o v e r y  s t r a t a  t o  v a r y  a c r o s s  t h e s e  
s t r a t a .  The e s t i m a t e  o f  abundance p e r  t a g g i n g  s t r a t u m  i i s  g i v e n  by  



where: 

Ll,, = a  d iagona l  m a t r i x  o f  t h e  number o f  f i s h  examined i n  each recove ry  - 
s t r a tum j, 

S = a  m a t r i x  o f  mu, t h e  number o f  t a g  r e c o v e r i e s  i n  each recove ry  s t r a tum 
j which were re leased  i n  t agg ing  s t r a tum i ,  and 

t = a  v e c t o r  o f  t h e  number o f  tagged f i s h  r e l eased  p e r  t a g g i n g  s t ra tum.  

The t o t a l  p o p u l a t i o n  i s  then  t h e  sum o f  these N,. The var iance-covar iance  m a t r i x  
o f  t h e  abundance es t ima te  i n  each t agg ing  s t r a tum i was es t imated  u s i n g  equa t ions  
11.20-11.23 on page 441 o f  Seber (1982).  The es t imated  va r i ance  o f  t h e  p o i n t  
es t ima te  o f  t h e  t o t a l  abundance o f  f i s h  pass ing  t h e  t agg ing  s i t e  i s  t h e  sum o f  
t h e  va r i ance  and covar iance  es t imates  o f  t h e  i n d i v i d u a l  s t r a t a .  Darroch 
demonstrated t h a t  t h e  b i a s  of t h e  es t imated  var iance  i s  negl  i g i  b l  e  when compared 
t o  t h e  abundance es t ima te  i f  t h e  number o f  tagged f i s h  i s  adequate. 

Assumptions which need t o  be s a t i s f i e d  t o  o b t a i n  a  c o n s i s t e n t  e s t i m a t o r  o f  t h e  
t o t a l  number o f  f i s h  i n  t h e  p o p u l a t i o n  and t h e  var iance  assoc ia ted  w i t h  t h i s  
es t ima te  are:  

1. A l l  f i s h  i n  t h e  j t h  recovery  s t ra tum,  i n c l u d i n g  tagged and untagged f i s h ,  
have t h e  same p r o b a b i l i t y  o f  be ing  captured.  

2. There i s  no t a g  l o s s  and a l l  recap tu red  tags  a re  recogn ized  and repo r t ed .  

3. There i s  no t agg ing  induced m o r t a l i t y .  

4.  The m i g r a t o r y  behav io r  o f  t h e  tagged and untagged i n d i v i d u a l s  i s  t h e  same 
( i . e . ,  f i s h  a re  n o t  a f f e c t e d  by t h e  t agg ing  p rocess) .  

We used t h e  ad jus ted  Petersen es t ima te  (Chapman 1951, Seber 1982) t o  c a l c u l a t e  
p i n k  salmon abundance es t imates  i n s t e a d  o f  a  s t r a t i f i e d  es t ima te  because o f  
suspected problems w i t h  t a g  l o s s  o r  d i f f e r e n t i a l  p r e d a t i o n  o f  tagged f i s h .  The 
es t ima te  o f  abundance i s  g i ven  by 



where M i s  t h e  number o f  tagged f i s h  re leased,  C i s  t h e  sample examined f o r  
presence o f  tagged f i s h ,  and R i s  t h e  number o f  tagged f i s h  r ecap tu red  i n  t h e  
sampl e.  

The va r i ance  o f  t h e  abundance es t ima te  i s  g i ven  by 

v [A ]  = ( ~ + l )  * (c+I)  * (M-R) * (c-R) 
( R + I )  '* ( R + 2 )  

I n r i v e r  sockeye and coho salmon r e t u r n  es t imates  were generated on an in-season 
bas i s  i n  1989. Mark- recapture da ta  was forwarded t o  t h e  Douglas ADF&G and 
Whitehorse DFO o f f i c e s  w i t h i n  24 h  a f t e r  t h e  weekly c l o s u r e  o f  t h e  Canadian 
f i  shery .  Data was q u i c k l y  analyzed and i n r i v e r  abundance es t imates  were 
developed. H i s t o r i c a l  m i g r a t o r y  t i m i n g  da ta  was then  used each week t o  p r o j e c t  
t h e  t o t a l  i n r i v e r  r u n  s i z e  f o r  each spec ies f o r  t h e  season. Due t o  t h e  es t imated  
3 -4  d  t r a v e l  t ime  f o r  f i s h  between D i s t r i c t  111 and Canyon I s l a n d  ( C l a r k  e t  a l .  
1986), and s i nce  most tags  appl i e d  a t  Canyon I s 1  and were n o t  recovered  u n t i l  t h e  
f o l l o w i n g  week i n  t h e  Canadian f i s h e r y ,  ou r  es t imates  o f  i n r i v e r  abundance 
correspond w i t h  t h e  movement o f  Taku R i v e r  sockeye salmon th rough  D i s t r i c t  111 
approx imate ly  1-2 weeks e a r l i e r .  

F i she ry  management dec i s i ons  t h a t  a f f e c t  t h e  magnitude and d i s t r i b u t i o n  o f  
ha r ves t s  and escapements a re  based i n  p r i n c i p l e  on t h e  measured o r  pe rce i ved  
abundance o f  f i s h  th rough  t ime .  Mundy (1982) descr ibed  a  s e t  o f  s t a t i s t i c s ,  
termed m i g r a t o r y  t i m i n g  s t a t i s t i c s ,  u s e f u l  f o r  c h a r a c t e r i z i n g  t h e  annual t i m i n g  
o f  f i s h  m i g r a t i o n s  and f o r  comparing t h e  t i m i n g  o f  m i g r a t i o n s  between years .  
Abundance pe r  u n i t  o f  t ime  i s  d i v i d e d  by t h e  t o t a l  abundance th roughou t  t h e  
m i g r a t i o n  t o  generate  a  t ime  s e r i e s  o f  p r o p o r t i o n s ,  o r  t ime  d e n s i t y .  The shape 
o f  t h e  t i m e  d e n s i t y  c h a r a c t e r i z e s  t h e  t i m i n g  and temporal  d i s t r i b u t i o n  o f  t h e  
m i g r a t i o n .  Two s imple f ea tu res  o f  t h e  t ime  d e n s i t y  a re  t h e  mean da te  and 
va r i ance  o r  d i s p e r s i o n  o f  t h e  m i g r a t i o n  th rough  t ime.  We used f i s h  wheel CPUE 
as an index  of  t h e  abundance o f  f i s h  m i g r a t i n g  pas t  Canyon I s 1  and, and c a l c u l a t e d  
m i g r a t o r y  t i m i n g  s t a t i s t i c s  f o l l o w i n g  t h e  procedures o f  Mundy (1982) .  The mean 
da te  o f  passage i n  a  m i g r a t i o n  o f  m days was es t imated  by 



where t  was the  day of the  migration ( t=l was the  f i r s t  day of the  migration and 
m was the  l a s t  day) ,  and P, i s  the  proportion of the  t o t a l  cumulative f i s h  wheel 
C P U E  t h a t  occurred on day t .  The ca lcula ted  mean date  i s  reported as the  
corresponding calendar da te  in t h i s  r epor t .  The variance of the  migrations was 
estimated by 

The timing of individual sockeye salmon stocks past  Canyon Island was derived 
from recoveries of tagged f i s h  on the  spawning grounds and was weighted by f i s h  
wheel C P U E  t o  permit the  escapement of a p a r t i c u l a r  stock t o  be apportioned t o  
week of passage past  Canyon Island.  The formula we used f o r  determining the  
proportion of the  run occurring each week f o r  each stock was 

where k i s  the  s t a t i s t i c a l  week of i n t e r e s t ,  C, i s  the  weekly proportion of the  
t o t a l  season's  f i s h  wheel C P U E ,  T,, i s  the  num6er of spawning ground recoveries 
of stock s t h a t  were tagged in weex k ,  T, i s  the  number of f i s h  tagged a t  Canyon 
Island in s t a t i s t i c a l  week k, and Tkc 7s the  number of f i s h  tagged a t  Canyon 
Island in s t a t i s t i c a l  week k and caug.ht in the  Canadian f i she ry .  

An assumption impl ic i t  in t h i s  ca lcula t ion  i s  t h a t  the  removal of f i s h  by the  
Canadian i n r i v e r  f i she ry  does not a1 t e r  the  migratory timing d i s t r i b u t i o n  of 
individual s tocks .  This assumption may be v io la ted  because the  Canadian f i she ry  
harvest r a t e  of the  i n r i v e r  return varied between f i sh ing  periods.  

Age and sex compositions of f i s h  wheel catches were computed f o r  each species .  
Sockeye and coho salmon catches were s t r a t i f i e d  temporally f o r  age composition 
analys is  t o  correspond with abundance est imates f o r  s p e c i f i c  temporal s t r a t a .  
Temporal s t r a t a  used f o r  analys is  of chinook and chum salmon d i f f e r e d  because 
abundance es t imates  were not generated f o r  these species .  Chinook salmon catches 
were grouped in to  weekly s t r a t a  f o r  analys is .  C h u m  salmon catches were assigned 
t o  only two s t r a t a  because sample s i z e s  were small.  Changes in age composition 



among s t r a t a  were t e s t e d  f o r  s igni f icance  using a  t e s t  t o  compare two proportions 
(Zar 1984). 

Estimates of the  sockeye and coho salmon abundance by age c l a s s  were made by 
mu1 t i p l y i n g  the  age composition proportions f o r  each period by the  number of f i s h  
present  during the  corresponding period and summing the  es t imates  within age 
c l a s s e s  across periods.  Standard e r r o r s  of the  proportions in each period were 
ca lcula ted  with standard binomial formulae using a  correc t ion  f a c t o r  t o  r e f l e c t  
f i n i t e  population s i z e  (Cochran 1977). The standard e r r o r  of the  t o t a l  abundance 
f o r  each age c l a s s  was calculated by weighting the  standard e r r o r  f o r  each time 
s t r a t a  by the  abundance during the  same s t r a t a ;  t h i s  standard e r r o r  does not take  
in to  account variance in the  weekly abundance es t imates ,  however. 

RESULTS 

F i s h  Whee7 Catches 

Catches of chinook, sockeye, coho, pink, and chum salmon and Dolly Varden 
(Salvelinus malma) are  l i s t e d  in Appendix B. Graphs of the  f i s h  wheel C P U E  f o r  
sockeye, chinook, and chum salmon a re  provided in Figure 2 and f o r  pink and coho 
salmon in Figure 3 .  

The t o t a l  catch of 1,824 chinook salmon in  1989 exceeded annual f i s h  wheel 
catches of t h i s  species between 1984 and 1988 (Table 1 ) .  Catches were ind ica t ive  
o f  a  good run, but were comparable h i s t o r i c a l l y  only t o  1988 t o t a l s  because f i s h  
wheels were deployed 4-5 weeks ear l  i e r  in 1988 and 1989 than during 1984 t o  1987. 
The d a i l y  catch peaked on 26 and 27 May when 77 and 79 f i s h  were captured, 
respect ive ly  . 

Catches of sockeye salmon to ta led  5,650 f i s h ,  higher than in a l l  o ther  years  
except 1986. Catches occurred from 27 May through 25 September, peaking during 
s t a t i s t i c a l  week 28 (9-15 Ju ly ) ,  when 797 sockeye salmon were captured. 
Substantial  f i s h  wheel catches of sockeye salmon (765 f i s h ;  13.5% of the  season's 
t o t a l )  were made a t  Canyon Island p r io r  t o  the  i n i t i a l  openings of e i t h e r  the  
U.S. o r  Canadian f i s h e r i e s .  Daily catches f luc tuated  dramat ica l ly ,  b u t  in a  
predic table  manner. The e f f e c t  of the  removal of l a rge  segments of the  r u n  by 
the  D i s t r i c t  111 g i l l  net f i she ry  was e a s i l y  v i s i b l e  in the  d a i l y  ca tches .  This 
f i she ry  opened a t  noon each Sunday during the  sockeye salmon season and continued 



f o r  3 d each week from mid-June through mid-August. Upriver f i s h  wheel ca tches  
t y p i c a l l y  dec l ined  t o  t h e i r  lowest l e v e l s  between Thursday and Saturday.  

The catch of coho salmon t o t a l e d  2,243 f i s h ,  s i m i l a r  t o  ca tches  i n  1987 and 1988. 
Two peaks in  f i s h  wheel C P U E  of coho salmon occurred,  from 13-14 August and 23-24 
September. 

A t o t a l  o f  31,189 pink salmon were caught in  t h e  f i s h  wheels. Catches of t h i s  
spec ies  a r e  t y p i c a l l y  of a s i m i l a r  magnitude during odd-numbered y e a r s ,  and 
s u b s t a n t i a l l y  exceed ca tches  from even-numbered yea r s .  The catch of pink salmon 
peaked on 16 J u l y  when 4,512 f i s h  were caught;  C P U E  was almost 150 pink salmon 
per  f i s h  wheel hour on t h i s  da t e .  

The ca tch  of chum salmon t o t a l e d  645 f i s h  in  1989. The peak d a i l y  ca tch  of 48 
f i s h  occurred on 25  September. 

Tagging and Recovery D a t a  

A t o t a l  of 12,737 salmon were tagged a t  Canyon Is land  in 1989 (Table 2 ) .  
Approximately 39% (4,997)  of t he  t a g s  were appl ied  t o  sockeye salmon, followed 
by 30% (3,760)  t o  pink,  17% (2,125) t o  coho, 10% (1,232) t o  chinook, and 5% (623) 
t o  chum salmon. The numbers of f i s h  tagged each day by spec i e s  a r e  1 i s t e d  in  
Appendices B .  1-B. 5 .  Tags recovered downstream from Canyon Is1 and in  t h e  D i s t r i c t  
111, i n r i v e r  personal use,  and U.S. s p o r t  f i s h e r i e s  were sub t r ac t ed  from t h e  
o r i g i n a l  tagging t o t a l s  f o r  sockeye, coho, and pink salmon f o r  p re sen ta t ion  in  
t h i s  appendix; t hese  rev ised  tagging t o t a l s  were used f o r  e s t ima t ing  abundances. 

A t o t a l  of 2,198 tagged f i s h  were recovered (Table 2 ) .  Approximately 53% (1,170) 
were recovered in  t h e  Canadian commercial f i s h e r y  and 40% (885) on t h e  spawning 
grounds. Low numbers of recover ies  were made in  t h e  Canadian s p o r t ,  t e s t ,  and 
food f i s h e r i e s ,  U.S. personal use f i s h e r y ,  and downstream in Taku I n l e t  i n  t h e  
U.S. commercial g i l l  ne t  ca t ches .  Sockeye salmon represented  64% (1,400)  of a l l  
tagged f i s h  t h a t  were recovered, followed by coho (14%),  pink (12%), chinook 
( l o % ) ,  and chum salmon (1%) .  



Escapement Estimates 

We derived escapement est imates f o r  sockeye, coho, and pink salmon runs. 
Analysis of chinook salmon mark-recapture da ta  wi l l  be reported e l  sewhere by 
Pahlke and Mecum 1990. A chum salmon escapement est imate was not generated 
because tag  recoveries were too low t o  provide a  r e l i a b l e  es t imate .  

Sockeye Sal mon 

Ratios of tagged t o  untagged sockeye salmon in the  Canadian commercial and t e s t  
f i s h e r i e s  were used t o  est imate the  magnitude of the  i n r i v e r  re turn  of sockeye 
salmon t h a t  passed Canyon Island from 18 June t o  25 September. Fish wheel C P U E  
was used t o  est imate the  number of f i s h  t h a t  passed p r i o r  t o  18 June (beginning 
of s t a t i s t i c a l  week 25).  I t  was necessary t o  use C P U E  da ta  t o  es t imate  the  ea r ly  
portion of the  re turn  because ne i the r  the  t e s t  nor commercial f i s h e r i e s  were 
operat ional  a t  t h i s  time t o  recover t ags .  

A t o t a l  of 793 tags  with corresponding recovery date  information were returned 
from 18,545 sockeye salmon taken in the  Canadian commercial f i she ry  and 207 
sockeye salmon harvested in the  t e s t  f i she ry  (Table 3 ) .  Because est imation 
procedures were based on l a rge  sample theory,  tagging and recovery periods were 
combined a t  the  end of the  season t o  increase the  frequency of tag  recover ies  in  
tag-recapture  s t r a t a .  Tagging s t r a t a  combined f o r  t h i s  reason were s t a t i s t i c a l  
weeks 32 t o  39, while grouped recovery s t r a t a  were s t a t i s t i c a l  weeks 33 t o  40. 
The o r ig ina l  s t r a t i f i c a t i o n  was thus reduced t o  e igh t  tagging and recovery 
s t r a t a .  

Additional s t r a t i f i c a t i o n  was necessary because analys is  of t h i s  da ta  matrix 
revealed t h a t  several of the  weekly abundance est imates were, once the  catch was 
subt rac ted ,  l e s s  than zero.  Darroch (1961) discussed the  poss ib i l  i t y  of s t r a t a -  
s p e c i f i c  exp lo i t a t ion  r a t e s  being l a r g e r  than 1.0 o r  l e s s  than 0. This i s  
p r inc ipa l ly  a  r e s u l t  of the  l a rge  degree of uncertainty associa ted  with the  
est imates of weekly abundance and exploi ta t ion  r a t e s .  Darroch notes t h a t  even 
though weekly est imates may be imprecise, l a rge  negative covariances between 
s t r a t a  may s t i l l  r e s u l t  in a  r e l a t i v e l y  accurate t o t a l  abundance es t imate .  He 
suggested pool ing adjacent s t r a t a  t o  deal with t h i s  problem. Therefore we pooled 
addit ional  s t r a t a  and concluded with s i x  tagging and s i x  recapture s t r a t a .  



Using these  s i x  s t r a t a ,  we est imated t h a t  99,467 sockeye salmon passed Canyon 
Is land  between 18 June and 25 September (Table 4 ) .  The approximate 95% confidence 
i n t e r v a l  assoc ia ted  with t h e  es t imate  was + 9,536, and t h e  c o e f f i c i e n t  of 
v a r i a t i o n  was 4.9%. Approximately 0.128 of t he  t o t a l  f i s h  wheel sockeye salmon 
C P U E  occurred p r i o r  t o  t h e  s t a r t  of t h e  t a g  recapture  e f f o r t s ;  t h e r e f o r e ,  t h e  
t o t a l  i n r i v e r  run pas t  Canyon Is land was est imated t o  be 114,068 f i s h .  

The Taku River sockeye salmon run was explo i ted  by the  Canadian commercial 
f i s h e r y  a t  an est imated r a t e  of 0.163, compared t o  a  1984-1988 average of 0.152. 
Af te r  removal of 18,805 sockeye salmon by Canadian commercial, t e s t ,  and food 
f i s h e r i e s ,  t h e  escapement pas t  Canyon Is1 and t o t a l e d  95,263 f i s h .  The 
Transboundary Technical Committee s e t  an in te r im escapement goal of 71,000-80,000 
sockeye salmon f o r  Canadian por t ions  of t h e  Taku River dra inage  (Transboundary 
Technical Committee 1989).  

The escapement e s t ima te  does not inc lude  several  groups of sockeye salmon t h a t  
spawn in  t h e  dra inage:  ( 1 )  f i s h  t h a t  spawn in s t reams loca t ed  downriver from 
Canyon Is1 and, and ( 2 )  jack sockeye salmon ( f i s h  smal le r  than approximately 350 
mm MEF t h a t  have spent  only 1 year  a t  s e a ) .  The number of sockeye salmon 
spawning downstream from Canyon Is land i s  unknown but presumed smal l .  A t o t a l  
of 757 sockeye salmon was passed through t h e  Yehring Creek weir  (El 1  i o t t  and 
S t e r r i t t  1990);  however, t h i s  was only a  p a r t i a l  count because t h e  weir  was 
i n s t a l l e d  a f t e r  some f i s h  had a l ready  en tered  t h e  c reek .  Small numbers of 
sockeye salmon were a l s o  observed on the  U.S. s i d e  of t h e  border i n  Fish Creek 
(F igure  1 ) .  The con t r ibu t ion  of jacks  can r ep re sen t  a  s i z e a b l e  por t ion  of t h e  
Taku River run;  6.8% of t h e  1988 f i s h  wheel catch of sockeye salmon was composed 
of j acks .  In 1989 jacks comprised 3.4% of t h e  f i s h  wheel ca t ch .  

A necessary assumption of t h e  population es t imat ion  technique we used i s  t h a t  a l l  
f i s h  in  a  p a r t i c u l a r  recovery s t ra tum,  whether tagged o r  untagged, have t h e  same 
p r o b a b i l i t y  of being captured.  We examined one poss ib l e  f a c t o r  t h a t  could have 
caused t h i s  assumption t o  be v io l a t ed :  t h a t  tagging and r ecap tu re  gear  d i f f e r e d  
in  t h e i r  s i z e  s e l e c t i v i t y .  The length  frequency d i s t r i b u t i o n s  of a1 1 sockeye 
salmon tagged a t  Canyon Is land and of a l l  tagged f i s h  recovered in  t h e  Canadian 
commercial f i s h e r y  a r e  shown in  f i g u r e  4. Analysis of t h e  bas i c  tagging d a t a  
revealed t h a t  small (1500 mm MEF l eng th )  tagged f i s h  had a  lower probabil  i  t y  of 
being recaptured (10.4%) than d id  l a r g e  (>500 mm MEF) tagged f i s h  (16.7%; X 2  = 

18.7, PtO.OO1, df = 1 ) .  Therefore,  we conclude t h a t  t h e  p r o b a b i l i t y  of 
recaptur ing  a  tagged f i s h  was not independent of f i s h  l eng th ,  probably due t o  t h e  
reduced s u s c e p t i b i l i t y  of small f i s h  t o  capture  in  t h e  g i l l  n e t s .  



To assess  the  possible e f f e c t s  of t h i s  s i z e  s e l e c t i v i t y  on the  sockeye salmon 
population es t imate ,  we s t r a t i f i e d  tagging and recovery data  by s i z e  c l a s s .  The 
i n r i v e r  run of l a rge  f i s h  past Canyon Island between 18 June and 25 September 
(Table 5)  was estimated a t  84,675 f i s h ,  f 8,669 (95% confidence i n t e r v a l ) ,  while 
the  i n r i v e r  run of small f i s h  (Table 6 )  was 17,062 f 4,697 (95% confidence 
i n t e r v a l ) ,  f o r  a  t o t a l  escapement est imate of 101,737 f i s h .  This i s  within 2% 
of the  i n r i v e r  run est imate of 99,467 f i s h  t h a t  was generated using data  from 
f i s h  of a l l  s i z e s .  The c lose  agreement of the  two est imates suggests t h a t  the  
population est imate i s  re1 a t i v e l y  insens i t ive  t o  poss ib le  d i f f e rences  in the  
a v a i l a b i l i t y  of d i f f e r e n t  s ized f i s h  t o  tagging and recapture gear .  

Coho Salmon 

Recoveries of tagged coho salmon in the  Canadian commercial and t e s t  f i s h e r i e s  
were used t o  est imate the  i n r i v e r  re turn  of coho salmon. Tagged coho salmon 
recovered from the  f i s h e r i e s  to ta l ed  242 f i s h  (Table 7 ) .  

Early and l a t e  season coho salmon tagging and recovery data  were pooled i n t o  
appropriate s t r a t a .  Both the  tagging and recovery s t r a t a  were pooled i n t o  seven 
s t r a t a  (Table 8 ) .  The number of coho salmon passing Canyon Island by October 1,  
the  l a s t  day of tagging, was 60,841 f i s h .  The approximate 95% confidence 
in terval  of the  est imate was f 21,901 f i s h ,  and the  c o e f f i c i e n t  of va r i a t ion  was 
18.4%. A t o t a l  of 4,033 coho salmon were harvested in the  Canadian commercial, 
t e s t ,  and food f i s h e r i e s ,  thereby reducing the  escapement est imate t o  56,808 
f i s h .  The Transboundary Technical Committee s e t  an interim escapement goal of 
27,500-35,000 coho salmon fo r  Canadian port ions of the  Taku River drainage 
(Transboundary Technical Committee 1989). 

Our est imate of escapement based on tag and recapture da ta  does not cover the  
e n t i r e  coho salmon run. We terminated operation of the  f i s h  wheels on 1 October, 
by which time the  catches had declined t o  a  low l e v e l .  Recapture e f f o r t s  were 
suspended on 5 October when the  i n r i v e r  t e s t  f i she ry  terminated. Some unknown 
proportion of the  run migrated upriver  a f t e r  t h i s  time, although we bel ieve the  
run was almost over due t o  the  low f i s h  wheel and i n r i v e r  t e s t  g i l l  net  catches 
experienced in l a t e  September and ea r ly  October. 

The escapement of coho salmon t o  streams located downriver from Canyon Is1 and i s  
unknown and was not included in our est imate.  A t o t a l  of 1,444 coho salmon were 
counted through a weir operated by ADF&G, Sport Fish Division, on Yehring Creek. 
High water in the  fa1 1 destroyed the  weir p r io r  t o  the  end of the  run; a  minimum 



es t ima te  f o r  t h e  t o t a l  escapement i n t o  t h i s  stream was 1,570 coho salmon ( E l l i o t t  
and S t e r r i t t  1990).  Aerial  surveys of o the r  known spawning a reas  i n  lower r i v e r  
po r t ions  of t h e  Taku River were conducted, but ac tua l  escapements t o  t h e s e  a r eas  
a r e  unknown. As f o r  sockeye salmon, t h e  coho salmon escapement e s t ima te  does not 
inc lude  f i s h  smal le r  than 350 mm MEF.  However coho salmon in  t h i s  s i z e  range 
were extremely r a r e ,  as  evidenced by t h e  f i s h  wheel catch of only t h r e e  coho 
salmon of t h i s  s i z e .  

Pink Salmon 

Tagged t o  untagged r a t i o s  of pink salmon observed in t h e  Nakina River ,  t h e  
p r inc ipa l  pink salmon spawning t r i b u t a r y  in  t h e  Taku River dra inage ,  were used 
t o  e s t ima te  t h e  i n r i v e r  r e tu rn  of pink salmon pas t  Canyon I s l and .  Due t o  
suspected problems with t ag  l o s s  o r  d i f f e r e n t i a l  predat ion on tagged f i s h ,  an 
ad jus ted  Petersen e s t ima te  was ca l cu la t ed  ins tead  of a  s t r a t i f i e d  e s t ima te .  The 
po ten t i a l  problem of t ag  l o s s  was de tec ted  in  pink salmon migrat ing upstream pas t  
t h e  Nakina River wei r .  A t o t a l  of 17 t a g s  were counted on 3,613 1 ive  pink salmon 
which migrated upstream through t h e  weir .  However, only s i x  t a g s  were recovered 
from 4,496 pink salmon ca rcas ses  examined a t  o r  above t h e  wei r .  Loss of t a g s  
would r e s u l t  in  a  p o s i t i v e  b i a s  t o  t h e  es t imate .  

We used t h e  ad jus ted  Petersen e s t ima te  a s  a  prel iminary e s t ima te  of t h e  t o t a l  
i n r i v e r  run s i z e .  Two es t imates  were ca l cu la t ed :  an e s t ima te  using only lower 
Nakina River recovery da t a  and an e s t ima te  using d a t a  from both t h e  lower r i v e r  
and t h e  l i v e  f i s h  recovery da t a  from the  Nakina weir .  Resul ts  a r e  presented in  
Table 9 .  Prel iminary es t imates  of t o t a l  run s i z e  range from approximately 
340,000 pink salmon (395,404 l e s s  t h e  lower confidence in t e rva l  of t h e  e s t ima te  
using only lower Nakina River r ecove r i e s  of 55,569) t o  500,000 pink salmon 
(441,747 p lus  t h e  upper 90% confidence in t e rva l  of t h e  e s t ima te  using lower 
Nakina River and weir recovery da t a  of 58,300) .  

Migratory Timing 

The migratory timing of t h e  sockeye salmon run in  1989, a s  measured by f i s h  wheel 
C P U E  d a t a ,  was e a r l  i e r  (mean d a t e  = 14 Ju ly )  than during t h e  yea r s  1984-1988 
(Table 10 ) .  The s tandard devia t ion  (20.1 d )  was g r e a t e r  than in  o the r  yea r s  a s  
a  r e s u l t  of t h e  s t r eng th  of ea r ly - run  s tocks .  The timing of t h e  pink salmon 
migrat ion was about average f o r  odd-year runs ,  with a  mean d a t e  of 18 J u l y .  The 



consistency of migratory timing of o ther  species i s  more d i f f i c u l t  t o  assess  
because the  durat ion of f i s h  wheel operat ions has varied between years  and has 
f a i l e d  t o  cover the  complete migration of these  species .  The mean da te  of the  
1989 f i s h  wheel catch of chinook salmon (6 June) was s imi la r  t o  1988, the  only 
o ther  year  when f i s h  wheels have been operated p r i o r  t o  mid-June. The mean da tes  
of the  coho and chum salmon re turns  were 26 August and 13 September. Fish wheels 
were operated 1 a t e r  in the  f a l l  in 1989 than in previous years ,  covering a l a r g e r  
segment of the  migrat ion;  the  l a t e r  timing of these species in 1989 could simply 
be a r e s u l t  of t h i s  extended operat ion.  

Sockeye Sa7mon Stock Timing 

We determined the  timing of individual stock groups of sockeye salmon pas t  Canyon 
Is1 and in 1989 by using recoveries of tagged f i s h  from spawning grounds and weirs 
(Table 11; Figure 5 ) .  The primary recovery locat ions  were weirs on the  o u t l e t  
streams of L i t t l e  Trapper Lake (313 t ags )  and L i t t l e  Tatsamenie Lake (114 t a g s ) .  
A t o t a l  of 27 tags  were recovered from Kuthai Lake, and 50 t ags  were recovered 
from slough and stream spawning s i t e s  along the  mainstem of t h e  Taku River 
between Yehring Creek and the  confluence of the  Ink1 in and Nakina Rivers. Fewer 
tags  were recovered a t  Kuthai Lake and mainstem spawning areas because weirs were 
not operated a t  these  locat ions .  Our stock timing information i s  the re fo re  not 
as  complete o r  accurate f o r  these stock groups as f o r  the  systems where weirs 
were operated.  

The Kuthai Lake stock migrated past  Canyon Island the  e a r l i e s t  of any of the  
stocks examined. Tags recovered a t  Kuthai Lake were applied t o  sockeye salmon 
a t  Canyon Is1 and between s t a t i s t i c a l  weeks 23 and 28 (9 June-12 J u l y ) .  The peak 
weeks of passage were s t a t i s t i c a l  weeks 24 and 25 (11-24 June) .  

Tagged sockeye salmon bound f o r  L i t t l e  Trapper Lake were present  a t  Canyon Is1 and 
between s t a t i s t i c a l  weeks 24 and 33 (15 June-14 August). The peak of the  
migration of t h i s  s tock occurred during 9-15 July  ( s t a t i s t i c a l  week 28) .  

The migration of the  sockeye salmon re turn  t o  the  L i t t l e  Tatsamenie Lake system 
was the  most protracted of the  four groups we examined. Tagged f i s h  bound f o r  
t h i s  system were present a t  Canyon Island between 29 June and 8 September. An  
estimated 11-21% of the  escapement of t h i s  stock group passed Canyon Island each 
week between 9 July  and 12 August. 



The conglomerate o f  mainstem Taku R i v e r  s tocks  we sampled e x h i b i t e d  a s i m i l a r  
m i g r a t o r y  t i m i n g  as t h e  L i t t l e  Tatsamenie Lake system r e t u r n .  The m i g r a t i o n  o f  
t h i s  composi te s t o c k  group extended f rom 2 J u l y  th rough  31  August. The m i g r a t i o n  
was p r o t r a c t e d ,  w i t h  between 17% and 19% pass ing  each week between 16 J u l y  and 
12 August. 

Inriver Sockeye Sa7mon Migration Rates 

I n r i v e r  r a t e s  o f  m i g r a t i o n  o f  severa l  headwater s tocks,  determined f rom t h e  
recovery  o f  tagged f i s h  a t  we i rs ,  increased th rough  t h e  season ( F i g u r e  6 ) .  The 
t i m e  i t  t o o k  tagged f i s h  t o  t r a v e l  f r om  Canyon I s l a n d  t o  t h e  L i t t l e  Trapper  Lake 
w e i r  decreased c o n s i s t e n t l y  throughout  t h e  season; f i s h  tagged i n  s t a t i s t i c a l  
week 24 averaged 47 d i n  t r a n s i t ,  w h i l e  f i s h  tagged i n  s t a t i s t i c a l  week 31  
averaged 26 d t o  t r a v e l  t h i s  d i s t ance .  T rave l  t ime  o f  tagged f i s h  f rom Canyon 
I s l a n d  t o  t h e  L i t t l e  Tatsamenie Lake w e i r  decreased f rom 49 d f o r  f i s h  tagged i n  
s t a t i s t i c a l  week 27 t o  26 d f o r  f i s h  tagged i n  week 35. T h i s  t r e n d  o f  i nc reased  
m i g r a t i o n  speed th rough  t h e  season has been apparent f o r  tagged f i s h  every  yea r  
t h a t  w e i r s  have been operated a t  L i t t l e  Trapper and L i t t l e  Tatsamenie Lakes. 

Age and Sex Composition 

The age and sex composi t i o n s  o f  t h e  Canyon I s 1  and f i s h  wheel and g i l l  n e t  catches 
o f  ch inook,  sockeye, coho, and chum salmon a re  summarized i n  Appendices C .  1-C.4. 
Resu l t s  o f  t e s t s  f o r  s i g n i f i c a n t  changes i n  age composi t ion among p e r i o d  s t r a t a  
f o r  each spec ies a re  summarized i n  Tables 12-15. 

The age compos i t i on  o f  ch inook salmon catches d i d  n o t  change th rough  t h e  season 
(Table  12) .  Chinook salmon t 440  mm MEF were n o t  c o n s i s t e n t l y  sampled f o r  sca les  
th roughou t  t h e  season, and sca les  taken f rom f i s h  i n  t h i s  s i z e  range were 
exc luded f rom our  ana l ys i s .  Age-1.3 f i s h  were most common i n  t h e  catches 
(51.5%), f o l l o w e d  by age 1.2 (27.9%), and age 1.4 (11.3%), w i t h  o t h e r  m inor  age 
c l  asses compr is ing  t h e  remainder o f  t h e  samples. Ma1 es compri sed t h e  m a j o r i t y  
o f  t h e  c a t c h  (55.5%), a l though  females were more common among age-1.3, -1 .4  and - 
1 .5  f i s h .  

The age compos i t i on  o f  sockeye catches changed s i g n i f i c a n t l y  d u r i n g  t h e  season 
(Table  13) .  Age-1.3 f i s h  were most p r e v a l e n t  (61.2%), f o l l o w e d  by age 1.2 



(19.8%),  age 0 .3  (5 .  I % ) ,  age 2.3 (4 .6%),  age 1.1 (3.0%),  age 2.2 (2.9%),  and age 
0.2 (2 .6%).  Sockeye salmon t h a t  did not spend a winter in f r e sh  water a f t e r  
emergence (age 0 . )  represented 7.8% of the  catches,  as did f i s h  t h a t  spent two 
winters  f o l l  owing emergence in f resh  water (age 2. ) . The pr inc ipal  seasonal 
t rends  in age composition during the  season were the  decrease of age-1.3 sockeye 
and the  increase of the  age-1.2, age-0.3, and age-1.1 components. Males comprised 
56.6% of the  f i s h  wheel catches of sockeye salmon. 

Catches of coho salmon were almost exclusively age-1.1 (50.2%) and age-2.1 
(48.0%) f i s h .  All coho salmon but one had spent 1 year  a t  sea.  The age 
composition of coho catches changed s i g n i f i c a n t l y  between numerous time s t r a t a  
(Table 14) ;  age-2.1 f i s h  tended t o  be more prevalent ea r ly  in the  season. Age- 
1.1 f i s h  were more common l a t e r  in the  season. As f o r  chinook and sockeye 
salmon, males were more prevalent (56.4%). 

Fish wheel catches of chum salmon were comprised mostly of age-0.3 (77.2%) and 
age-0.4 (19.3%) f i s h .  The age compositions of ea r ly  season catches (15 June-2 
September) d i f f e red  from 1 a t e  season catches (Table 15) primari ly because of the  
presence of higher percentages of older  age f i s h  e a r l y  in the  season. Female 
chum salmon were more prevalent  (57.8%) than males. 

DISCUSSION 

The accuracy of mark-recapture s tud ies  in providing est imates of abundance i s  
dependent on the  degree t o  which the  underlying assumptions of the  analy t ica l  
methods used a re  s a t i s f i e d .  The simplest  est imation technique ava i l ab le ,  the  
adjusted Petersen,  i s  val id only i f  a l l  individual s have an equal probabil i  t y  of 
being tagged o r  of being recovered. Fluctuat ing r i v e r  condit ions a f f e c t  the  
f i sh ing  e f f i c i e n c i e s  of both f i s h  wheels (ADF&G 1956; Greenough 1971) and i n r i v e r  
g i l l  net  f i s h e r i e s  (Cousens e t  a l .  1982); these a re  the  gear  types we used f o r  
capturing Taku River salmon f o r  tagging purposes and f o r  recovering sockeye and 
coho salmon f o r  use in developing mark-recapture abundance es t imates  f o r  these  
species .  We were able t o  ignore t h i s  va r i a t ion  in gear e f f i c i ency  f o r  these  
species by using Darroch's s t r a t i f i e d  es t imator ,  which allows the  p r o b a b i l i t i e s  
of capture in tagging and recovery s t r a t a  t o  vary across these  s t r a t a .  

Differences in the  locat ion ,  timing, and methods used t o  recover t ags  may have 
resu l t ed  in d i f f e r e n t  degrees of compl iance with the  assumption of no t ag  l o s s .  



Tag l o s s  can be caused by tagg ing- induced  m o r t a l i t y ,  p h y s i c a l  breakage o r  
shedding o f  tags ,  s e l e c t i v e  p r e d a t i o n  on tagged f i s h ,  unde r repo r t i ng  o f  tags  by 
f ishermen, and behav io ra l  changes i n  tagged f i s h .  Any l o s s  of tags  w i l l  cause 
p o p u l a t i o n  s i z e  t o  be overest imated.  

M o r t a l i t y  r e s u l t i n g  f rom t h e  cap tu re  and t agg ing  process i s  e s p e c i a l l y  d i f f i c u l t  
t o  assess because o f  t h e  p r a c t i c a l  d i f f i c u l t i e s  i n  des ign ing  h o l d i n g  s t u d i e s  t h a t  
s imu la te  n a t u r a l  c o n d i t i o n s  (Robson and Regier  1964). Another  way t o  assess 
m o r t a l i t y  i s  t o  ass ign c o n d i t i o n  va lues  ( i .., hea l t hy ,  s l i g h t l y  i n j u r e d ,  
s e r i o u s l y  i n j u r e d )  t o  tagged f i s h  and then  compare recovery  r a t e s  among f i s h  o f  
t h e  d i f f e r e n t  c lasses .  We d i d  n o t  do t h i s ,  however, because we d e l  i b e r a t e l y  d i d  
n o t  t a g  i n j u r e d  f i s h .  We b e l i e v e d  t h a t  any b i a s  we i n t r oduced  by n o t  t agg ing  
i n j u r e d  f i s h  would tend  t o  o f f s e t  b i a s  due t o  tagg ing- induced  m o r t a l i t y .  F i s h  
t h a t  were n o t  tagged because o f  n o t i c e a b l e  i n j u r i e s  t o t a l e d  59 ch inook,  281 
sockeye, 67 coho, and 3 chum salmon. Compared t o  t h e  numbers tagged o f  each 
spec ies,  these  rep resen t  4.8%, 5.6%, 3 . 2 % ,  and 0.5%, r e s p e c t i v e l y .  Whi le  we do 
n o t  have an es t ima te  o f  tagg ing- induced  m o r t a l i t y  i n  our  program, t h e  r a d i o  
t agg ing  p r o j e c t  conducted simul taneous ly  i n  1989 by NMFS p rov i des  some i n d i c a t i o n  
o f  i t s  p o s s i b l e  magnitude. O f  t h e  429 ch inook salmon caught i n  t h e  f i s h  wheels 
and a f f i x e d  w i t h  r a d i o  t r a n s m i t t e r s  possessing mot ion  sensors, 381 (89%) were 
t r acked  u p r i v e r  f rom Canyon I s 1  and (J. E i l e r ,  NMFS, Auke Bay, A1 aska, personal  
communicat ion).  An es t imated  9.8% o f  t h e  f i s h  e i t h e r  r e g u r g i t a t e d  t h e  
t r a n s m i t t e r  o r  d i e d  as a  r e s u l t  o f  t h e  t agg ing  process o r  subsequent p r e d a t i o n  
i n  t h e  l owe r  r i v e r .  Some t a g  r e g u r g i t a t i o n  was noted, b u t  u n f o r t u n a t e l y  t h e  
h i g h l y  g l a c i a l  n a t u r e  o f  t h e  r i v e r  prevented recovery  o f  t h e  m a j o r i t y  o f  t h e  
t r a n s m i t t e r s  and t h e  de te rm ina t i on  o f  t h e  r a t e  o f  t a g  r e g u r g i t a t i o n  compared t o  
tag - induced  m o r t a l i t y .  Because t h e  t agg ing  procedures used f o r  r a d i o  and 
spaghe t t i  t agg ing  f i s h  d i f f e r e d ,  t h e  s t r e s s  and subsequent m o r t a l i t y  these 
animal s  exper ienced may n o t  be d i r e c t l y  comparable. However, we be1 i e v e  t h i s  
maximum l e v e l  o f  m o r t a l i t y  was h i ghe r  than  f o r  f i s h  tagged s o l e l y  w i t h  spaghe t t i  
tags,  e s p e c i a l l y  f o r  spec ies o t h e r  than  ch inook salmon. Chinook salmon tagged 
e i t h e r  w i t h  spaghe t t i  tags  (McGregor and C l a r k  1989) o r  r a d i o  t ags  (J. E i l e r ,  
NMFS, Auke Bay, A1 aska, personal  communication) exper ienced s u b s t a n t i  a1 l y  1 onger 
downr ive r  drop-back pe r i ods  than o t h e r  salmon spec ies,  i n d i c a t i n g  t h a t  ch inook 
salmon do n o t  respond t o  t h e  t agg ing  process as w e l l  as o t h e r  spec ies.  

We were a b l e  t o  assess t h e  s h o r t - t e r m  l o s s  o f  t ags  caused by p h y s i c a l  breakage 
o r  shedding. F i s h  t h a t  l o s e  spaghe t t i  tags  a re  r e a d i l y  i d e n t i f i a b l e  by t h e  
presence o f  ent rance and e x i t  ho les  j u s t  below t h e  do rsa l  f i n  c rea ted  d u r i n g  t a g  
a p p l i c a t i o n ;  these ho les  e f f e c t i v e l y  serve as a  secondary mark. A  s u b s t a n t i a l  
number o f  f i s h  were recap tu red  i n  t h e  f i s h  wheels s h o r t l y  a f t e r  t agg ing .  I n  t h e  



f i s h  wheels no f i s h  were found throughout the  season t h a t  had the  secondary mark 
and no spaghett i  t ag ,  desp i t e  the  recovery of 318 pink, 258 sockeye, 76 coho, 54 
chinook, and 15 chum t h a t  had been previously tagged. We the re fo re  bel ieve t h a t  
breakage o r  shedding of tags  among f i s h  subjected t o  the  i n r i v e r  f i she ry  i s  
minimal o r  nonexistent  because t h e  c lose  proximity of the  f i she ry  t o  the  tagging 
s i t e  ( 4  km) r e s u l t s  in a  very shor t  t r ave l  time between the  two loca t ions .  

Another poss ib le  source of tag loss  i s  from the  incomplete re turn  of t ags  by 
fishermen. The 14  fishermen who f i s h  the  r i v e r  have been informed about the  
tagging projec t  by Canadian government b io log i s t s  and f i she ry  o f f i c e r s .  A 
F isher ies  Guardian i s  present  on the  r i v e r  throughout the  summer. The guardian 
interviews fishermen d a i l y ,  often on several occasions, tabu1 a t e s  catch f i g u r e s ,  
and d i s t r i b u t e s  tag  reward money. I f  underreporting of tags  from the  f i she ry  was 
a ser ious  problem, tagged t o  untagged r a t i o s  of f i s h  passing through upriver  
weirs should be higher than in the  f i she ry .  Since t h i s  tagging program began in 
1984, however, tagged t o  untagged r a t i o s  a t  the  weirs have been very s imi la r ,  but 
genera l ly  s l i g h t l y  lower, than in the  f i she ry .  In 1989 the  commercial f i she ry  
tagged t o  untagged r a t i o  was 0.042, while a t  L i t t l e  Trapper and L i t t l e  Tatsamenie 
Lakes i t  was 0.036 and 0.040, respect ive ly .  

Tag l o s s  can occur throughout the  i n r i v e r  migration and spawning process. 
Cousens e t  a l .  (1982) reviewed numerous s tud ies  in which the  magnitude of tag  
1 oss increased with the  d is tance  t raveled  between the  tagging and recovery s i t e s .  
Documented tag  l o s s  among chinook salmon sampled a t  carcass  co l l ec t ing  weirs i n  
the  Taku River drainage in 1989 was 40% (Pahl ke and Mecum 1990). In c o n t r a s t ,  
l i t t l e  tag  l o s s  has been noticed a t  Taku River counting weirs through which 
upstream migrating f i s h  pass t o  reach the  spawning grounds (DFO and ADF&G 
unpublished d a t a ) .  Substantial  tag loss  i s  l i k e l y  t o  occur during cour tship  and 
spawning. Tag l o s s  among male chinook salmon col lec ted  a t  carcass weirs in 1989 
was much higher than among females, possibly due t o  the  aggressive behavior and 
f igh t ing  r i t u a l s  among males. Thus tag  l o s s  i s  much more l i k e l y  t o  be a 
s i g n i f i c a n t  problem in mark-recapture s tud ies  t h a t  r e l y  on d i s t a n t  spawning 
ground recoveries ( i  . e . ,  our pink and chinook salmon programs) than s tud ies  in 
which recovery e f f o r t s  a re  concentrated geographically and temporally near t o  the  
tagging locat ion  ( i . e . ,  our sockeye and coho salmon programs). 

Q u a n t i t a t i v e  information on tag loss  in pink salmon on the  spawning grounds i s  
lacking.  No tag  loss  was detected among pink salmon examined on the  Nakina River 
spawning grounds in 1989, a1 though i t  i s  possible t h a t  tag wounds were missed on 
carcasses  in advanced s tages  of decomposition. However, because tagged t o  
untagged r a t i o s  found among carcasses col lec ted  a t  and above the  Nakina River 



wei r  were d r a m a t i c a l l y  lower than  among upst ream-migrat ing a d u l t s  a t  t h i s  
l o c a t i o n ,  i t  i s  p o s s i b l e  t h a t  s u b s t a n t i a l  t a g  l o s s  may have o c c u r r e d .  In f u t u r e  
y e a r s  a more d i s t i n c t i v e  secondary mark such a s  a f i n  c l  i p  shou ld  be used t o  
pe rmi t  b e t t e r  d e t e r m i n a t i o n  o f  t h e  t a g  l o s s  in  p ink  salmon. S e l e c t i v e  removal 
o f  tagged pink salmon by p r e d a t o r s  may have a1 s o  o c c u r r e d .  The b r i g h t  orange 
t a g s  we used on pink salmon were h i g h l y  v i s i b l e  i n  c l e a r  w a t e r  spawning a r e a s .  
Fu ture  s t u d i e s  t h a t  r e l y  on spawning ground t a g  r e c o v e r i e s  shou ld  u t i l i z e  t a g  
c o l o r s  t h a t  a r e  l e s s  n o t i c e a b l e  ( i . e . ,  t h e  g r a y  c o l o r e d  s p a g h e t t i  t a g s  we used 
f o r  chinook sa lmon) .  
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T a b l e  1. T o t a l  f i s h  w h e e l  catches of s a l m o n ,  b y  species, 
1 9 8 4 - 1 9 8 9 .  

Year 

Species 1984a  1 9 8 5  1 9 8 6  1 9 8 7  1 9 8 8  1 9 8 9  

Chinook 1 3 8  1 8 4  5 7 1  2 8 5  1 , 4 3 6  1 , 8 2 4  

Sockeye 2 , 3 3 4  3 , 6 0 1  5 , 8 0 8  4 , 3 0 7  3 , 2 9 2  5 , 6 5 0  

Coho 8  8  9  1 , 2 0 7  7 5 8  2 , 2 4 0  2 , 1 6 8  2 , 2 4 3  

Pink 2 0 , 8 4 5  2 7 , 6 7 0  7 , 2 5 6  4 2 , 7 8 6  3 , 9 8 2  3 1 , 1 8 9  

Chum 3 1 6  1 , 3 7 6  8  0  1 , 5 3 3  1 , 0 8 9  6 4 5  

a I n  1 9 8 4  a total of 4  fish wheels were operated, while in other 
years only 2  were used. The additional 2  wheels used in 1 9 8 4  were 
much smaller in size and caught primarily pink salmon. 



Table 2. Summary by species of the tags applied at Canyon Island and tag recoveries, 1989. 

Number Canadian Canadian Canadian D i s t r i c t  Personal 
of F ish  Commercial T e s t f i s h  Foodfish 111 U s e  Sport  

Species Tagged Catch Catch Catch Catch Fishery F i s h e r i e s  Escapement Total  

Chinook 1,232 61 4 

Sockeye 4,997 777 16 

Coho 2,125 217 2 5 

Pink 3,760 103 0 

Chum 62 3 12 6 

Tota l  12,737 1,170 5 1 2 36 4 6 8 885 2,198 



Table 3 .  Tagging and recovery data from the 1989  Taku River sockeye salmon mark- 
recapture program. Data include the numbers of sockeye salmon tagged a t  
Canyon Island and recovered i n  Canadian commercial and t e s t  f isheries  by 
s t a t i s t i c a l  week. 

S t a t i s t i c a l  S t a t i s t i c a l  Week o f  Recovery T o t a l  Tag R a t i o  
Week o f  Tags Tags (Recovered) / 
Tagging 2 5 26 2 7 28 29 30 3 1  32 3 3 34 35-40 Recovered Applied (Applied)  

22 0 9 0.000 

T o t a l  1 3 6 140 7 0 119 196 6 1 116 1 5  3 7 2 793 4,959 0.160 

Commercial Catch 1,562 3,687 2,088 2,275 3,271 2,281 2,750 265 366 18,545 

T e s t f i s h  Catch 34 2 8 24 11 10  15 I1 32 1 0  12 2 0 207 

T o t a l  Catch 34 1,590 3,711 2,099 2,285 3,286 2,292 2,782 275 378 20 18,752 



Table 4 .  Pooled-s t ra ta  t agg ing  and recovery d a t a  used t o  c a l c u l a t e  mark-recapture 
e s t i m a t e s  of t h e  i n r i v e r  sockeye salmon r e t u r n  p a s t  Canyon I s l a n d ,  1989.  

S t a t i s t i c a l  S t a t i s t i c a l  Week  o f  R e c o v e r y  T o t  a1 95% C . I .  
Week o f  T a g s  I n r i v e r  

T a g g i n g  2 6 27 28-29 30 31-32 33-40 T o t a l  A p p l i e d  R u n  L o w e r  U p p e r  E s c a p e m e n t  

T o t a l  3 3 1 3 9  1 8 9  1 9 6  1 7 6  5 4 787 4,244 99,467 89,931 109,003 80,696 a 

C a t c h  1,590 3,711 4,384 3,286 5,074 673 18,718 

a Mark-recapture escapement e s t i m a t e  was reduced by 53 f i s h  which w e r e  t aken  i n  t h e  Canadian i n r i v e r  
food f i s h e r y .  The i n r i v e r  run p r i o r  t o  s t a t i s t i c a l  week 25 was es t imated  a t  1 4 , 6 0 1  f i s h  and t h e  
i n r i v e r  test f i s h e r y  ca tch  i n  week 25 was 3 4  f i s h ,  thereby  increas ing  t h e  t o t a l  es t imates  of i n r i v e r  
run and escapement t o  114,068 and 95,263 f i s h ,  r e spec t ive ly .  



T a b l e  5 .  Tagging and  r e c o v e r y  d a t a  u s e d  t o  e s t i m a t e  t h e  i n r i v e r  r e t u r n  of " l a r g e "  (>500 
mm MEF) sockeye salmon p a s t  Canyon I s l a n d ,  1989.  Data from t h e  commercial 
f i s h e r y  o n l y  was used  t o  g e n e r a t e  t h e s e  estimates. 

S t a t i s t i c a l  S t a t i s t i c a l  Week of Recovery Tota l  95% C.I. 
Week of Tags I n r i v e r  

Tagging 2 6 2 7  28-29 30 -31  32-33 34  Total  Applied Run Lower Upper 

2 5 2 2 2 2  2 9 6  19,509 11,725 27,293 
2 6 7 4 4 1 5 2  3 9 5  22,963 14,357 31,568 

27-28 7 9 14  1 6 22 6 967 11,701 4 ,991  18,412 
29-30 2 4 1 6 3  5 1 9 2  656  16,498 13,928 19,068 
31-32 2 9 99 1 6  144  6 4 6  10,579 6,596 14,562 
33-34 2 1 6  1 8  1 8 2  3,425 1,822 5,028 

Tota l  2 9 1 2 3  1 6 5  1 9 9  1 0  6 3 2 654 3,142 84,675 76,006 93,344 

Catch 1,450 3,398 4,002 4,742 2,826 314  16,732 



Table  6 .  Tagging and r e c o v e r y  d a t a  u s e d  t o  estimate t h e  i n r i v e r  r e t u r n  o f  "small" (350-500 
mm MEF) sockeye salmon p a s t  Canyon I s l a n d ,  1989 .  Data from t h e  commercial 
f i s h e r y  o n l y  was used  t o  g e n e r a t e  t h e s e  e s t i m a t e s .  

S t a t i s t i c a l  S t a t i s t i c a l  Week of Recovery 
Week of 

Tagging 26-27 28 2 9 3 0 3 1 32 33-34 

25-26 11 
2 7 4 8 
2 8 1 1 0  3 
2 9 1 23 
3 0 14 6 
3 1 5 11 1 

32-34 7 4 

Tota l  

11 
1 2  
14 
2 4 
20 
17  
11 

Tags 
Applied 

Tota l  95% C.I. 
I n r i v e r  
Run Lower Upper 

Tota l  15 9 11 4 0 11 18 5 109 1,006 17,062 12,366 21,759 

Catch 4 0 1  132 229 4 8 9 3 2 1  165 7 6 1,813 



Table 7. Tagging and recovery data from the 1989 Taku River coho salmon mark-recapture 
program. Data include the numbers of coho salmon tagged at Canyon Island and 
recovered in Canadian commercial and test fisheries by statistical week. 

statistical statistical Week of Recovery Total Tag Ratio 
Week of Tags Tags (Recovered) / 
Tagging 27 28 29 30 31 32 33 34 35 3 6 37 38 39 40 Recovered Applied (Applied) 

26 0 1 0.000 
27 1 1 4 0.250 
28 2 1 1 4 15 0.267 
29 3 4 1 8 3 5 0.229 
30 12 27 3 42 111 0.378 
31 5 54 3 62 175 0.354 
32 26 10 15 51 235 0.217 

Total 0 1 5 17 33 84 13 67 10 3 4 2 2 1 242 2,102 0.115 

Commercial Catch 2 10 42 255 496 874 258 939 0 0 0 0 0 0 2,876 

Testfish Catch 0 0 0 3 7 18 20 49 320 222 161 53 127 31 1,011 

Total Catch 2 10 42 258 503 892 278 988 320 222 161 53 127 3 1 3,887 a 

a An additional 146 coho salmon were harvested in the Canadian inriver food fishery, but 
this data is not included because catches were not available by statistical week. 



Table 8. Pooled-strata tagging and recovery data used to calculate mark-recapture 
estimates of the inriver coho salmon return past Canyon Island, 1989. 

S t a t i s t i c a l  S t a t i s t i c a l  Week of Recovery T o t a l  95% C . I .  
Week of  Tags I n r i v e r  

T a s s i n s  2 6-30 3 1  32  33  34  35 36-40 Tota l  Applied Run Lower Upper ESca~ement 

T o t a l  2 3  33  84 1 3  67 1 0  1 2  242  2,102 60 ,841  38,940 82,742 56,808 a 

Catch 312 5 0 3  8 92 278  988 320  594  3,887 

a Mark-recapture escapement estimate was reduced by 146 fish which were harvested in the 
Canadian inriver food fishery. 



Table 9. Tagging and recovery data used to calculate preliminary 
mark-recapture estimates of the inriver pink salmon 
return past Canyon Island, 1989. 

Week of Number of Tag Total Number Number 
Tagging Recoveries Tagged Examined 

25-2 6 
2 7 
2 8 
2 9 
3 0 
3 1 
3 2 

Unknown 

Total in Lower 
River 12 9 

Total at Weir 
and Lower River 1 4 6  

Estimated Abundance 90% Confidence Interval 

Total in Lower 
River 395,404 + 55,569 

Total at Weir 
and Lower River 441,747 + 58,300 



Table 1 0 .  Migratory timing s t a t i s t i c s  of the  various salmon species pas t  
the  Canyon Island f i s h  wheels, 1984-1989.  Timing s t a t i s t i c s  
fo r  1 9 8 4  were based on f i s h  wheel catch, while a l l  other years 
were based on f i s h  wheel CPUE. 

Year 

Species S t a t i s t i c  1 9 8 4  1 9 8 5  1 9 8 6  1 9 8 7  1 9 8 8  1 9 8 9  

Chinook Mean Date 
Standard Error  a 

Sockeye Mean Date 
Standard Error  

Coho Mean Date 
Standard Error  

Pink Mean Date 
Standard Error  

Chum Mean Date 
Standard Error  

a Units a r e  days. 
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Table 12. Tests for significant changes among periods in the age 
composition of the Canyon Island fish wheel and gill net 
catch of chinook salmon by age class, 1989. 

Brood Yea r  a n d  Age C l a s s  

1986  1985  --  1984 1983  1982  

1.1 1 . 2  1 . 3  2 .2  1 . 4  2 .3  1 . 5  2.4 

P e r i o d s  compareda 

a The p e r i o d s  r e p r e s e n t  t h e  f o l l o w i n g  s t a t i s t i c a l  weeks:  
P e r i o d  1 S t a t i s t i c a l  Weeks 17-20 
P e r i o d  2  S t a t i s t i c a l  Week 2 1  
P e r i o d  3  S t a t i s t i c a l  Week 22 
P e r i o d  4 S t a t i s t i c a l  Week 2 3  
P e r i o d  5  S t a t i s t i c a l  Week 24 
P e r i o d  6 S t a t i s t i c a l  Weeks 25-32 





Table 14. Tests for significant changes among periods in the 
age composition of coho salmon in the Canyon Island 
fish wheel and gill net catch by age class, 1989. 

B r o o d  Y e a r  a n d  Age C l a s s  

1 9 8 6  1 9 8 6  1 9 8 5  1 9 8 4  1 9 8 3  - - - - - 
1.1 2 . 0  2 . 1  3.1 4 . 1  

P e r i o d s  Compareda 

a T h e  p e r i o d s  r e p r e s e n t  t h e  f o l l o w i n g  s t a t i s t i c a l  w e e k s :  
P e r i o d  1 S t a t i s t i c a l  Weeks 26-29 
P e r i o d  2  S t a t i s t i c a l  Week 3 0  
P e r i o d  3  S t a t i s t i c a l  Week 3 1  
P e r i o d  4  S t a t i s t i c a l  Week 3 2  
P e r i o d  5  S t a t i s t i c a l  Week 3 3  
P e r i o d  6  S t a t i s t i c a k  Week 3 4  
P e r i o d  7 S t a t i s t i c a l  Weeks 35-40 



Table 15. Tests for significant changes among periods in 
the age composition of chum salmon in the Canyon 
Island fish wheel and gill net catch by age 
class, 1989. 

Brood Year and Age Class  

1 9 8 6  1 9 8 5  1 9 8 4  1 9 8 3  1 9 8 2  - - ---  
0.2 0 . 3  0 . 4  0 .5  0 . 6  

Per iods  Compareda 

a The per iods  r ep re sen t  t h e  fol lowing s t a t i s t i c a l  weeks: 
Per iod  1 S t a t i s t i c a l  Weeks 24-35 
Per iod  2  S t a t i s t i c a l  Weeks 36-40 



Little Tatsamenie Lake 

Figure  1. The Taku River  dra inage ,  wi th  l o c a t i o n  of t agg ing  and recovery 
si tes.  



SOCKEYE SALMON 

511 5/16 5/31 6/15 6/30 7/15 7/30 8/14 8/29 9/13 9/28 
Date 

CHINOOK AND CHUM SALMON 

511 511 6 5/31 611 5 6/30 711 5 7/30 811 4 8/29 911 3 9/28 
Date 

- CHUM - CHINOOK 

Figure  2 .  F i sh  wheel CPUE ( ca t ch  p e r  f i s h  wheel hour) f o r  sockeye, 
chinook, and chum salmon i n  1 9 8 9 .  



PINK SALMON 

511 511 6 5/31 611 5 6/30 711 5 7/30 8/14 8/29 911 3 9/28 
Date 

COHO SALMON 

511 511 6 5/31 611 5 6/30 711 5 7/30 8/14 8/29 9/13 9/28 
Date 

Figure  3 .  Fi sh  wheel CPUE ( c a t c h  p e r  f i s h  wheel hour) f o r  pink and 
coho salmon i n  1 9 8 9 .  
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L Trapper Lake 
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Statistical Week 

Mainstem Taku L Tatsamenie Lake 

Figure  5. Run t iming of sockeye salmon s tock  groups passing Canyon I s l a n d  i n  1989 ,  based on spawning ground 
recover ies  of tagged f i s h  weighted by abundance i n d i c i e s  ( f i s h  wheel CPUE).  



-C- L. Trapper Lake 
60 1 

- L. Tatsamenie Lake 

0 
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 

Statistical Week 

Figure 6. Mean travel times (and 95% confidence intervals) of spaghetti- 
tagged sockeye salmon between Canyon Island and two Taku River 
headwater weirs, 1989. 
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Appendix  A . 1 .  I n c l u s i v e  d a t e s  f o r  s t a t i s t i c a l  weeks,  1 9 8 9 .  

S t a t  
Week 

Number From 

S t a t  
Week 

Number From 

J a n  1 
J a n  8  
J a n  1 5  
J a n  22 
J a n  29 
F e b  5  
F e b  1 2  
F e b  1 9  
F e b  26 
M a r  5  
M a r  1 2  
Mar 1 9  
Mar 26 
Apr 2  
Apr 9  
Apr 1 6  
A p r  23  
Apr 30 
May 7  
May 1 4  
May 2 1  
May 28 
J u n  4  
J u n  11 
J u n  1 8  
J u n  25  
J u l  2  

J a n  7 
J a n  1 4  
J a n  2 1  
J a n  28 
F e b  4  
F e b  11 
F e b  1 8  
F e b  2 5  
Mar 4  
M a r  11 
M a r  1 8  
Mar 2 5  
Apr 1 
Apr 8  
Apr 1 5  
Apr 22 
Apr 29 
May 6  
May 13 
May 20 
May 27 
Jun 3 
J u n  1 0  
J u n  1 7  
J u n  24 
J u l  1 
J u l  8  

J u l  9  
J u l  1 6  
J u l  2 3  
J u l  30 
Aug 6  
Aug 13 
Aug 20 
Aug 27 
S e p  3 
S e p  1 0  
S e p  1 7  
S e p  24 
O c t  1 
O c t  8 
O c t  1 5  
O c t  22 
O c t  29 
Nov 5  
Nov 1 2  
Nov 1 9  
Nov 26 
Dec 3  
D e c  1 0  
Dec 1 7  
Dec 24 
Dec 3 1  

J u l  1 5  
J u l  22 
J u l  29  
Aug 5  
Aug 1 2  
Aug 1 9  
Aug 26 
S e p  2  
S e p  9  
S e p  1 6  
S e p  2 3  
S e p  30 
O c t  7 
O c t  1 4  
O c t  2 1  
O c t  28 
Nov 4  
Nov 11 
Nov 1 8  
Nov 2 5  
D e c  2  
D e c  9  
D e c  1 6  
Dec 2 3  
Dec 30 
Dec 3 1  



Appendix B.1. Catches, numbers tagged, and CPUE (catch/wheel hour) of chinook salmon in 
fish wheels at Canyon Island, 1989. Large-sized fish are greater than or 
equal to 661 mm MEF in length, medium-sized fish are from 440-660 mm MEF, 
and small fish are less than 440 mm MEF. 

Radio Tags Spaghetti Tags 
Combined Combined 

Daily Cumul. Medium Large Medium Large Cumul . Cumul . Daily Cumul. 
Chinook Chinook Medium Large Daily Proport. Proport. 
Catch Catch Daily Cum Daily Cum Daily Cum Daily Cum Tagged Tagged Cpue Cpue Cpue 

prior 5 Maye 
05-May 
0 6-May 
07-May 
08-May 
0 9-May 
10-May 
11-May 
12-May 
13-Mav 

03-~un 5 6 818 0 42 0 198 14 160 28 198 
0 4- Jun 55 873 1 43 7 205 12 172 25 223 
05-Jun 2 2 8 95 0 43 3 208 3 175 9 232 
0 6- Jun 2 6 921 0 43 11 219 2 177 4 236 

08-Jun 62 1011 0 43 12 238 14 198 17 256 
0 9-Jun 58 1069 0 43 9 247 17 215 20 276 
10- Jun 64 1133 0 43 0 247 17 232 37 313 

- continued - 
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Radio Tags Spaghetti Tags 
Combined Combined 

Daily Cumul. Medium Large Medium Large Cumul . Cumul . Daily Cumul. 
Chinook Chinook Medium Large Daily Proport. Proport. 
Catch Catch Daily Cum Daily Cum Daily Cum Daily Cum Tagged Tagged Cpue Cpue Cpue 

11-Jun 49 1182 0 43 9 256 11 243 15 328 286 584 1.081 0.025 0.645 
12-Jun 55 1237 0 43 8 264 21 264 11 339 307 603 1.229 0.028 0.673 
13-Jun 44 1281 1 44 12 276 9 273 9 348 317 624 0.971 0.022 0.695 
14-Jun 47 1328 0 44 0 276 7 280 20 368 324 644 1.046 0.024 0.719 
15-Jun 30 1358 0 44 9 285 8 288 5 373 332 658 0.672 0.015 0.734 
16- Jun 26 1384 0 44 3 288 3 291 4 377 335 665 0.877 0.020 0.754 
17-Jun 44 1428 0 44 9 297 9 300 4 381 344 678 0.963 0.022 0.776 
18- Jun 41 1469 0 44 1 298 8 308 10 391 352 689 0.913 0.021 0.797 
19- Jun 43 1512 0 44 8 306 10 318 5 396 3 62 702 0.965 0.022 0.819 
20-Jun 34 1546 1 45 6 312 10 328 2 398 373 710 0.750 0.017 0.836 
21-Jun 16 1562 1 46 1 313 2 330 376 2 400 713 0.346 0.008 0.844 
22-Jun 16 1578 0 46 3 316 1 331 0 400 377 716 0.343 0.008 0.851 
23-Jun 2 1580 0 46 1 317 0 331 0 400 377 717 0.224 0.005 0.857 
24-Jun 29 1609 0 46 13 330 5 336 0 400 382 730 0.890 0.020 0.877 
25-Jun 28 1637 0 46 8 338 7 343 3 403 389 741 0.715 0.016 0.893 
2 6- Jun 24 1661 0 46 4 342 3 346 0 403 3 92 745 0.912 0.021 0.914 
27-Jun 28 1689 0 46 6 348 4 350 396 751 0.619 0.014 0.928 0 403 
28-Jun 21 1710 0 46 5 353 5 355 1 404 401 757 0.466 0.011 0.938 
2 9- Jun 17 1727 0 46 5 358 4 359 405 763 0.374 0.008 0.947 1 405 
30-Jun 8 1735 0 46 4 362 0 359 1 406 405 768 0.186 0.004 0.951 
01-Jul 6 1741 0 46 2 364 0 359 2 408 405 772 0.134 0.003 0.954 
02-Jul 12 1753 0 46 3 367 1 360 6 414 406 781 0.273 0.006 0.960 
03-Jul 15 1768 0 46 0 367 4 364 3 417 410 784 0.343 0.008 0.968 
04-Jul 4 1772 0 46 0 367 3 367 0 417 413 784 0.090 0.002 0.970 
05-Jul 2 1774 0 46 0 367 1 368 0 417 414 784 0.044 0.001 0.971 
0 6-Jul 1 1775 0 46 0 367 1 369 0 417 415 784 0.022 0.001 0.972 
07-Jul 3 1778 0 46 3 370 0 369 0 417 415 787 0.067 0.002 0.973 
08-Jul 3 1781 0 46 1 371 1 418 41 6 789 0.068 0.002 0.975 1 370 
0 9- Jul 11 1792 0 46 4 375 2 372 1 419 418 794 0.267 0.006 0.981 
10-Jul 7 1799 0 46 1 376 3 375 1 420 421 796 0.180 0.004 0.985 
11-Jul 1 1800 0 46 1 377 0 375 0 420 421 797 0.030 0.001 0.985 
12-Jul 0 1800 0 46 0 377 0 375 0 420 421 797 0.000 0.000 0.985 
13-Jul 3 1803 0 46 1 378 1 376 0 420 422 798 0.116 0.003 0.988 
14-Jul 4 1807 0 46 2 380 1 377 0 420 423 800 0.108 0.002 0.991 
1 5-.Till 3 1810 0 46 2 382 0 377 0 420 423 802 0.089 0.002 0.993 -- --- 
16- Jul 0 1810 0 46 0 382 0 377 0 420 423 802 0.000 0.000 0.993 
17-Jul 1 1811 0 46 1 383 0 377 0 420 423 803 0.023 0.001 0.993 
18-Jul 0 1811 0 46 0 383 0 377 0 420 423 803 0.000 0.000 0.993 
19- Jul 1 1812 0 46 0 383 0 377 0 420 423 803 0.022 0.001 0.994 

- continued - 
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Radio Tags S p a g h e t t i  Tags 
Combined Combined 

D a i l y  Cumul. Medium Large  Medium Large  Cumul . Cumul . D a i l y  Cumul. 
Chinook Chinook Medium Large D a i l y  P r o p o r t .  P r o p o r t .  

Ca tch  Ca tch  Da i ly  Cum D a i l y  Cum D a i l y  Cum D a i l y  Cum Tagged Tagged Cpue Cpue Cpue 

22-Jul 3  1815 0  46 0  383 0  377 2  422 423 805 0.066 0.002 0.995 
7?-LT111 7 1817 0  46 0  383 1 378 1 423 424 806 0.045 0.001 0.996 -- --- 
24-Jul 
25-Jul 
2  6- J u l  
27-Jul  
28-Jul 
2  9-Jul 
3  0- J u l  
31-Jul 
0  1 -Auq 
02-Auq 
03-Aug 
04-Aug 
05-Aug 
0 6-Aug 
0 7-Aug 
0 8-Aug 
0 9-Aug 
1 0-Aug 
11-Auq 
17-Aiia 

a Fish caught and tagged prior to 5 May were caught in set gill nets. 



Appendix B.2. Catches, numbers tagged, and CPUE (catch/wheel 
hour) of sockeye salmon in fish wheels at Canyon 
Island, 1989. Tagging totals were reduced to 
account for tagged fish recovered in downstream 
fisheries. 

Daily Cumul. Daily Cumul. Daily Cumul. 
Sockeye Sockeye Sockeye Sockeye Daily Proport. Proport. 
Catch Catch Tagged Tagged Cpue Cpue Cpue 

27-May 
28-May 
2 9-May 
30-May 
31-May 
01-Jun 
02-Jun 
03-Jun 
04-Jun 
05-Jun 
06-Jun 
07-Jun 
08-Jun 
0 9-Jun 
10-Jun 
11-Jun 
12-Jun 
13-Jun 
14-Jun 
15-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
20-Jun 
21-Jun 
22-Jun 
23-Jun 
24-Jun 
25-Jun 
2 6- Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 
01-Jul 
02-Jul 
03-Jul 
04-Jul 
05-Jul 
06-Jul 
07-Jul 
08-Jul 
0 9-Jul 
10-Jul 
11-Jul 
12-Jul 
13-Jul 
14-Jul 

- continued - 
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Dai ly  Cumul. 
Sockeye Sockeye 
Catch Catch 

Dai ly  Cumul . 
Sockeye Sockeye 
Tagged Tagged 

Dai ly  Cumul. 
Dai ly  Propor t .  Propor t .  
Cpue Cpue Cpue 

4 6 3629  
42 3 6 7 1  
2 9  3700 
4  0  3740  
4  8  3788  
6  7  3855  
8  2  3937  
7  5  4012 
9  9 4 1 1 1  
57  4168 
5 6  4224 
6  1 4285 
8 4  4369 
6  9  4438 
5  5  4493 
3  4  4527 
4  3  4570 
5  6  4626 
8 2 4708 
6  8  4776 

0  4776 
0  4776 
0  4776 
6  4782 

1 7  47 9  9  
1 7  4816 
1 4  4830 
1 3  4843 
1 3  4856 
1 0  4866 
1 0  4876 

6 4882 
11 4893 
1 2  4905 

7 4912 
8  4920 
5  4925 

- cont inued - 
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Dai ly  Cumul. Dai ly  Cumul. Dai ly  Cumul . 
Sockeye Sockeye Sockeye Sockeye Dai ly  Propor t .  Propor t .  
Catch Catch Tagged Tagged Cpue Cpue Cpue 



Appendix B.3. Catches, numbers tagged, and CPUE (catch/wheel 
hour) of coho salmon in fish wheels at Canyon 
Island, 1989. Tagging totals were reduced to 
account for tagged fish recovered in downstream 
fisheries. 

Daily Cumul. Daily Cumul. Daily Cumul. 
Coho Coho Coho Coho Daily Proport. Proport. 
Catch Catch Tagged Tagged Cpue Cpue Cpue 

- continued 
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-- 

Dai ly  Cumul. Dai ly  Cumul. Dai ly  Cumul. 
Coho Coho Coho Coho Dai ly  Propor t .  Propor t .  
Catch Catch Tagged Tagged Cpue Cpue Cpue 

a F i s h  were cap tu red  with set g i l l  n e t s  from 19-21 September because 
low water f lows prevented f i s h  wheel ope ra t i on .  



Appendix B.4. Catches, numbers tagged, and CPUE (catch/wheel hour) 
of pink salmon in fish wheels at Canyon Island, 
1989. Tagging totals were reduced to account for 
tagged fish recovered in downstream fisheries. 

Dai ly  Cumul. Dai ly  Cumul. Dai ly  Cumul. 
Pink Pink Pink Pink Dai ly  Propor t .  Propor t .  
Catch Catch Tagged Tagged Cpue Cpue Cpue 

- cont inued - 
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D a i l y  Cumul. D a i l y  Cumul. 
P ink  Pink Pink Pink 
Catch Catch Tagged Tagged 

D a i l y  Cumul. 
D a i l y  P r o p o r t .  P r o p o r t .  
Cpue Cpue Cpue 



Appendix B.5. Catches, numbers tagged, and CPUE (catch/wheel 
hour) of chum salmon in fish wheels at Canyon 
Island, 1989. Tagging totals were reduced to 
account for tagged fish recovered in downstream 
fisheries. 

Daily Cumul. Daily Cumul. Daily Cumul. 
Chum Chum Chum Chum Daily Proport. Proport. 
Catch Catch Tagged Tagged Cpue Cpue Cpue 

15-Jun 
16-Jun 
17-Jun 
18-Jun 
19-Jun 
2 0 - Jun 
21-Jun 
22-Jun 
23-Jun 
24-Jun 
25-Jun 
2 6-Jun 
27-Jun 
28-Jun 
29-Jun 
30-Jun 
01-Jul 
02-Jul 
03-Jul 
04-Jul 
05-Jul 
06-Jul 
07-Jul 
0 8 -Jul 
09-Jul 
10-Jul 
11-Jul 
12-Jul 
13-Jul 
14-Jul 
15-Jul 
16-Jul 
17-Jul 
18-Jul 
19-Jul 
20-Jul 
21-Jul 
22-Jul 
23-Jul 
24-Jul 
25-Jul 
26-Jul 
27-Jul 
28-Jul 
2 9-Jul 
30-Jul 
31-Jul 
0 1 -Aug 

- continued - 
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Dai ly  Cumul. Dai ly  Cumul. Dai ly  Cumul. 
Chum Chum Chum Chum Dai ly  Propor t .  Propor t .  
Catch Catch Tagged Tagged Cpue Cpue Cpue 

- cont inued - 
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Daily Cumul. Daily Cumul. Daily Cumul. 
Chum Chum Chum Chum Daily Proport. Proport. 
Catch Catch Tagged Tagged Cpue Cpue Cpue 

20-Sep 0 438 7 416 0.000 0.000 0.559 
21-Sep a 0 438 6 422 0.000 0.000 0.559 
22-Sep 5 443 5 427 0.257 0.012 0.571 
23-Sep 17 460 17 4 4 4 0.843 0.039 0.609 
24-Sep 45 505 4 5 489 2.110 0.097 0.706 
25-Sep 4 8 553 4 7 536 2.199 0.101 0.807 
26-Sep 4 4 5 97 4 3 579 2.047 0.094 0.901 
27-Sep 15 612 14 593 0.645 0.030 0.930 
28-Sep 11 623 11 604 0.471 0.022 0.952 
2 9-Sep 4 627 4 608 0.169 0.008 0.960 
30-Sep 14 6 4 1 13 62 1 0.594 0.027 0.987 
0 1 -0ct 4 645 2 623 0.286 0.013 1.000 

a Fish were captured with set gill nets on 19-21 September for tagging 
because low water flows prevented fish wheel operation. 



Appendix B.6. Catches and CPUE (catch/wheel hour) 
of Dolly Varden in fish wheels at 
Canyon Island, 1989. 

Daily Cumul. 
Dai ly  Cumul. Dai ly  Propor t .  Propor t .  
Catch Catch Cpue Cpue Cpue 

- cont inued  - 
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Dai ly  Cumul . 
Catch Catch 

Dai ly  Cumul. 
Dai ly  propor t .  Propor t .  
Cpue Cpue Cpue 

- cont inued  - 
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Daily Cumul. 
Dai ly  Cumul. Dai ly  Propor t .  Propor t .  
Catch Catch Cpue Cpue Cpue 



Appendix (2.1. Age compos i t ion  of  t h e  chinook salmon r e t u r n  
p a s t  Canyon I s l a n d ,  Taku R i v e r ,  by sex ,  age  
c l a s s ,  and t i m e  p e r i o d  s t r a t a ,  1 9 8 9 .  Data  does  
n o t  i n c l u d e  chinook salmon s m a l l e r  t h a n  4 4 0  mm 
MEF i n  l e n g t h .  

Brood Year a n d  Aqe C l a s s  

1986 1985 1984 1983  1982  --  
1.1 1 . 2  1 . 3  2.2 1 .4  2.3 1 . 5  2.4 T o t a l  

S t a t i s t i c a l  Weeks 17-20 ( A p r i l  29-May 20) 

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

S t a t i s t i c a l  Week 21 (May 21-27) 

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

S t a t i s t i c a l  Week 22 (May 28-June 3 )  

Male 
Sample S i z e  1 
P e r c e n t  0 .6  
S t d .  E r r o r  0 .6  

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  1 
P e r c e n t  0 .6  
S t d .  E r r o r  0 .6  

S t a t i s t i c a l  Week 2 3  ( J u n e  4-June 1 0 )  

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

- c o n t i n u e d  - 
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Brood Year  a n d  Age C l a s s  

1986 1985 1984 1983 1982 --  
1.1 1.2 1.3 2.2 1.4 2.3 1.5 2.4 T o t a l  

S t a t i s t i c a l  Week 24 ( J u n e  11-17) 

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  4 3 66 7 19 4 3 142 
P e r c e n t  30.3 46.5 4.9 13.4 2.8 2.1 100.0 
S t d .  E r r o r  3.8 4.2 1.8 2.8 1.4 1.2 

S t a t i s t i c a l  Weeks 25-32 ( J u n e  18-August 12) 

Male 
Sample S i z e  1 4 2 4 3 1 5 2 1 
P e r c e n t  0.6 26.2 26.9 0.6 3.1 1.3 0.6 
S t d .  E r r o r  0.6 3.5 3.5 0.6 1.4 0.9 0.6 

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  1 46 8 8 2 16 3 3 1 160 
P e r c e n t  0.6 28.8 55.0 1.3 10.0 1.9 1.9 0.6 100.0 
S t d .  E r r o r  0.6 3.6 3.9 0.9 2.4 1.1 1.1 0.6 

Combined P e r i o d s  

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

( P e r c e n t a g e s  a r e  n o t  w e i g h t e d  by t i m e  p e r i o d  abundance)  



Appendix C.2. Age composition of t h e  sockeye salmon r e t u r n  p a s t  Canyon I s l and ,  
Taku River ,  by sex,  age c l a s s ,  and t i m e  p e r i o d  s t r a t a ,  1989 .  

Brood Year and Age C l a s s  

1987 1986 1985 1984 1983 - 
0.1 0.2 1.1 0 . 3  1.2 2 .1  1 . 3  2.2 1 .4  2 .3  T o t a l  

S t a t i s t i c a l  Weeks 22-24 (May 27-June 1 7 )  

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

S t a t i s t i c a l  Week 

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

Female 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

25 ( June  18-24) 

- c o n t i n u e d  - 
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Brood Year and Age C l a s s  

1987 1986  1985 1984 1983  

0 .1  0.2 1.1 0.3 1 .2  2 . 1  1 . 3  2.2 1 .4  2 .3  T o t a l  

S t a t i s t i c a l  Week 26 ( June  25-July  1) 

Male 
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

Female  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

A l l  F i s h  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

S t a t i s t i c a l  Weeks 27-28 ( J u l y  2-5) 

M a l e  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

Female  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

- c o n t i n u e d  - 
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Brood Year and Age Class 

1987 1986 1985 1984 1983 

0.1 0.2 1.1 0.3 1.2 2.1 1.3 2.2 1.4 2.3 T o t a l  

S t a t i s t i c a l  Week 29 ( J u l y  16-22) 

Male 
Sample S i z e  
Percen t  
Std.  E r r o r  
Number 

Female 
Sample S i z e  
Percen t  
S td .  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  32 2 8 3 8 111 
Percen t  7.2 6.3 8.5 24.8 
Std .  E r r o r  1.2 1.1 1.3 2.0 
Number 1,203 1,053 1,429 4,173 

S t a t i s t i c a l  Weeks 

Male 
Sample S i z e  
Percen t  
Std.  E r r o r  
Number 

Female 
Sample S i z e  
Percen t  
Std.  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  
Percen t  
S td .  E r r o r  
Number 

- continued - 
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Brood Year and Age C l a s s  

1987 1986  1985 1984 1983 

0.1 0.2 1.1 0.3 1.2 2 .1  1.3 2.2 1.4 2.3 Total  

S t a t i s t i c a l  Weeks 

Male 
Sample S i z e  
Percen t  
Std.  E r r o r  
Number 

Female 
Sample S i z e  
P e r c e n t  
S td .  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S td .  E r r o r  
Number 

(August 6-Sept. 25)  

Combined P e r i o d s  (Percentages a r e  weighted by per iod  escapements) 

Male 
Sample S i z e  11 1 0 6  1 7 2  1 2 6  574 1 6  1,199 
Percen t  0.1 2.4 2.9 2.3 14.0 0.2 31.5 
Std .  E r r o r  <O. 1 0.3 0.3 0.2 0.7 0 .1  0 .9  
Number 153  2,692 3,358 2,634 16,001 284 35,849 

Female 
Sample S i z e  1 2 2 8 1 6 9  255 2 1,288 
P e r c e n t  <O. 1 0.3 0 . 1  2.8 5.7 <0.1 29.8 
Std .  E r r o r  <O. 1 0.1  <0.1 0.3 0.4 <0.1 0.9 
Number 1 3  328  1 1 3  3,195 6,512 2 7  33,959 

A l l  F i s h  
Sample S i z e  1 2  1 2 8  1 8 0  297 830 1 8  2,488 
P e r c e n t  0 . 1  2.6 3 .0  5 .1  19.8 0.3 61.2 
S t d .  E r r o r  <O. 1 0.3 0.3 0.3 0.8 0 .1  0.9 
Number 167 3,020 3,471 5,858 22,582 3 1 1  69,845 



Appendix C.3.  Age compos i t ion  o f  t h e  coho salmon 
r e t u r n  p a s t  Canyon I s l a n d ,  Taku 
R i v e r ,  by s e x ,  a g e  c l a s s ,  and t i m e  
p e r i o d  s t r a t a ,  1 9 8 9 .  

Brood Year  a n d  Age C l a s s  

1986 1985 1984 1983 
---  

1.1 2.0 2.1 3.1 4.1 T o t a l  

S t a t i s t i c a l  Weeks 26-29 ( J u n e  25-Ju ly  22) 

Male 
Sample  S i z e  11 
P e r c e n t  23.9 
S t d .  E r r o r  6.3 
Number 341 

Female  
Sample  S i z e  3 
P e r c e n t  6.5 
S t d .  E r r o r  3.6 
Number 93 

A l l  F i s h  
Sample  S i z e  14 
P e r c e n t  30.4 
S t d .  E r r o r  6.7 
Number 434 

S t a t i s t i c a l  Week ( J u l y  23-29) 

Male 
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

Female  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

A l l  F i s h  
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

S t a t i s t i c a l  Week 31 

Male 
Sample  S i z e  47 
P e r c e n t  31.8 
S t d .  E r r o r  3.7 
Number 855 

Female  
Sample  S i z e  18 
P e r c e n t  12.2 
S t d .  E r r o r  2.6 
Number 328 

A l l  F i s h  
Sample S i z e  65 
P e r c e n t  43.9 
S t d .  E r r o r  4.0 
Number 1,183 

- c o n t i n u e d  - 
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B r o o d  Y e a r  a n d  Age C l a s s  

1 9 8 6  1 9 8 5  1 9 8 4  1 9 8 3  
---  

1.1 2 . 0  2.1 3 . 1  4 . 1  T o t a l  

S t a t i s t i c a l  Week ( A u g u s t  6-12) 

M a l e  
S a m p l e  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

F e m a l e  
S a m p l e  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

A l l  F i s h  
S a m p l e  S i z e  
P e r c e n t  
S t d .  E r r o r  
Number 

S t a t i s t i c a l  Week 3 3  ( A u g u s t  13-19)  

M a l e  
S a m p l e  S i z e  9  9  
P e r c e n t  3 3 . 7  
S t d .  E r r o r  2 . 7  
Number 3 , 2 3 2  

F e m a l e  
S a m p l e  S i z e  4  7 
P e r c e n t  1 6 . 0  
S t d .  E r r o r  2 . 1  
Number 1 , 5 3 4  

A l l  F i s h  
Sample  S i z e  1 4 6  
P e r c e n t  4 9 . 7  
S t d .  E r r o r  2 . 9  
Number 4 , 7 6 6  

S t a t i s t i c a l  Week 34  ( A u g u s t  20-26) 

Male 
Sample  S i z e  1 4 0  
P e r c e n t  3 5 . 9  
S t d .  E r r o r  2 . 4  
Number 3 , 0 0 2  

F e m a l e  
Sample  S i z e  8 0  
P e r c e n t  2 0 . 5  
S t d .  E r r o r  2 . 0  
Number 1 , 7 1 6  

A l l  F i s h  
S a m p l e  S i z e  220 
P e r c e n t  5 6 . 3  
S t d .  E r r o r  2 . 5  
Number 4 , 7 1 8  

- c o n t i n u e d  - 
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Brood Year and Age C l a s s  

1 9 8  6 1985 1 9 8 4  1 9 8 3  
- - -  

1.1 2.0 2 . 1  3 . 1  4.1 T o t a l  

S t a t i s t i c a l  Weeks 35-40 

Male 
Sample S i z e  1 8 1  
P e r c e n t  2 7 . 9  
S t d .  E r r o r  1 . 7  
Number 10,476  

Female 
Sample S i z e  1 4 6  
P e r c e n t  22.5  
S t d .  E r r o r  1 . 6  
Number 8,450 

A l l  F i s h  
Sample S i z e  328 
P e r c e n t  50.5  
S t d .  E r r o r  1.9  
Number 18,984 

(August 2 7 - O c t .  1 )  

Combined P e r i o d s  ( P e r c e n t a g e s  a r e  we igh ted  by p e r i o d  e scapemen t s )  

Male 
Sample S i z e  584 1 498 2 3  1 1,107 
P e r c e n t  3 0 . 1  <0 .1  25.3 0.9 <0 .1  56 .4  
S t d .  E r r o r  1 . 2  <0.1 1.2 0.2 <0 .1  1 . 3  
Number 18,293 2 1  15 ,386  5 4 3  1 8  34 ,261  

Female 
Sample S i z e  314 
P e r c e n t  2 0 . 1  
S t d .  E r r o r  1.1 
Number 12,197 

A l l  F i s h  
Sample S i z e  899 1 884 3 8 4 1 ,826  
P e r c e n t  50.2  <0.1 48.0 1 . 6  0.2 1 0 0 . 0  
S t d .  E r r o r  1 . 4  <0.1 1 . 3  0.3 0 . 1  
Number 30,548 2 1  29,206 947 1 1 9  60,841 



Appendi x  C . 4 .  Age c o m p o s i t i o n  of  t h e  chum salmon r e t u r n  
p a s t  Canyon I s l a n d ,  Taku R i v e r ,  by s e x ,  
a g e  c l a s s ,  a n d  t i m e  p e r i o d  s t r a t a ,  1 9 8 9 .  

Brood  Year  a n d  Age C l a s s  

1 9 8 6  1985  1984  1983  1982  
- - - - - 

0.2 0 . 3  0 . 4  0 . 5  0 . 6  T o t a l  

S t a t i s t i c a l  Weeks 24-35 

Male 
Sample S i z e  
P e r c e n t  
S t d .  E r r o r  

F e m a l e  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  

A l l  F i s h  
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  

( J u n e  1 5 - S e p t .  2 )  

S t a t i s t i c a l  Weeks 36-40 ( S e p t .  3-Oct .  1 )  

Male 
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  

F e m a l e  
Sample  S i z e  2  2 0 1  4  5  4  
P e r c e n t  0.5 4 8 . 6  1 0 . 9  1 . O  
S t d .  E r r o r  0 . 3  2 .4  1 .5  0 . 5  

A l l  F i s h  
Sample  S i z e  2  3 4 3  62  8  4  1 5  
P e r c e n t  0 .5  82 .7  1 4 . 9  1 . 9  100 .0  
S t d .  E r r o r  0 .3  1 .8  1 . 7  0 .7  

Combined P e r i o d s  ( P e r c e n t a g e s  a r e  n o t  w e i g h t e d  by t i m e  s t r a t a  
a b u n d a n c e )  

Male 
Sample  S i z e  
P e r c e n t  
S t d .  E r r o r  

F e m a l e  
Sample  S i z e  2  2  4  6  7 3  9  1 3 3 1  
P e r c e n t  0 .3  42.9 1 2 . 7  1 . 6  0 .2  5 7 . 8  
StX. E r r o r  0 . 2  2  . O  1 .4  0 .5  0 .2  2 . 0  

A l l  F i s h  
Sample  S i z e  2  443  111 1 7  1 574  
P e r c e n t  0.3  7 7 . 2  1 9 . 3  3 . 0  0 .2  100 .0  
S t d .  E r r o r  0 .2  1 .7  1 . 6  0 .7  0 . 2  



Because the Alaska Department of Fish and Game receives federal funding, all of ita 
public programs and activities are operated free from discrimination on the basis of race, 
religion, color, national origin, age, aex, or handicap. Any person who believes he or she 
has been discriminated against should write to: 

O.E.O. 
U.S. Department of the Interior 
Washington, D.C. 20240 
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